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1.0 INTRODUCTION

This report presents a FORTRAN IV Computer Program that operationally
is compatible with the FORTRAN processors of the IBM 7094 and the UNIVAC
1107 digital compuiers. Additionzl details regarding the individueal
processors, actuzl machine c¢oampilation and object program execution, 2nd
so forth, are available in separate programming and operations reference

manuals.

Specifically, this report presents a FORTRAN IV Computer Program
that evaluates the natural frequencies of a thin cylindrical shell
with simply-supported edge conditions [Eq. (47)] (all equation numbers in
square brackeis in this report are those appearing in ref. ) and then
evaluates unstable values of the thrust frequency for given [Eq. (56)]

initial conditicns.

The Section 2.0 STABILITY CONSIDERATIONS-is presented in this
report to facilitate the reader's understanding of the equations that
are solved by the computer program (main program and subroutines)
whichk is discussed at some length in the Section 3.0-FORTRAN IV COMPUTER
PROGRAM. The reader may refer to APPENDIX A. - GENERAL INFORMATION ON THE
SOLUTION OF THE STABILITY EQUATIONS - for methematical details on the method

of iteration used in the FORTRAN IV Cemputer Program.



2.0 STABILITY CONSIDERATIONS

2.1 Development of Eguatiomns

Since this repork i3 to be regarded as a compamicn report to the

report, "Besvonse of A Circuier Cylindrical Shell to s Gimbaled Period~

ically Varying End Thrust”, Techauilcal Memo. #38, Resesrch ard Analysis

Section, Northrop Space Laboratories, Huntsville, Alabama, November 24U,

1964, ail equations presented in this report will have the numbers of

those same equations in Tz=ch, Mcuwo. #38, showm in square brackets.

As presented in Tech. Memo. #38, the Matheau equatiom is

2
%‘g + (a - 2q eos 21,)a =0 (1),
T, 1 ‘
where
T
T va
=5 s 47 2),
’ iQ
with zaages
O<a<l , 0<q <0.05 {3).
Wichout dstailzd derivation {soo p. 40 of wof. 2} it is chown thee

)
s1n’ '-Rf- = 4(0) sia’ 3-'%- (4),
éﬁeze for small valixeé of q
a{0) =1 +——£32——— cot 'a% (5)
*
4a* (i-a) K2

(16]

f22]



which, after substituting q = Ya/2 and simplifyiag becomes

312 Yz ia%
a{0) = 1 + = 16 oo eok 5 {6) [not %isted]

The expression for p is writzem

- % :
B = ;;"i { {[A(O)]% sia T}] o (7) [aet_ listes]
o

-t

whick shows that B z.s a .Function of g by vlttue of equation (6) amnd
gquation (2) in this rep@tt. The ttanscendent&i ‘stability equatiens

will mow be preseni.ed.

2.2 Presentation of Stability Bquations

2.2.1 Subroutine UNST! scives Equation [82]

®
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2,2.2 Subroutine UNSTZ solves Equation 1831
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2.2.3 Subroutime UNST3 solves Eguatien . [84)
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2.2.4 Subroutine UNST4 seives Equation [85]
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2.2.5 Subroutine UNSTS solves Equation [86]
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2.2.6 Subroutine UNST6 solves Equacion [87]

®
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2.2.7 Subroutine UNST7 selves Equation [88]
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2,2.8 Submuting”imsm solves Equation [89]
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2.2.9 Subroutinc UNSTS soives Equation [90]
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2.2.10 Subraurine UNSTIO seives Bquation [91]
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2.2.11 Subroutire UNSTLl solves Equation [92]

where

and

fn
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2.3 liwmiting Cases
2.3.1 Limiting case of 8 for A{0) = 1.

Referring to equatien (7) in this report, the expressien for B

i3 pregented again

%
8= 2’{31;1 {‘[A(O)]!i sin:%-} } {(7)
\ /

For the limiting case of 4(0) = 1, the equatisn becomes

¥ _ 2 ( Z’ZHToK)%

B=a*=4% T {8)

2.3,2 Limiting Cases of the Paremetexr a

Referring to equai:icn (6) in this teﬁort, the expression for
4{0) is preseated again

312 2 %
A(O)“"I"!'m—;;- cot!%.. (6)

It can be showa, by the application of L'Bospitalts rule on limits,
that the following umi:a exist

tim 372 2 3
a—»o\wu a§ coe 5| =0 9
5/2 2 !:) 2.2
iim a . 4
a~1 (15 Ty et T | =% (10

As shown by the results of cquations {9) and (10) the following

value and/or expression for 4(0) exists

14



a{0) +1 as a—+0

22
A(0)+1+3ig- as a -+ 1

A small table of values of 4(0) for selected values of y is

presented below

2

ACQ) as a0 A0) as a1 X Y _
1 1,00001 54 0.01  1.00 x 10~
1 1,0003850 0.05 2,50 x 10°>
1 1.0015400 0.10 1.00 x 1072
1 1.0096300 0.25 6.25 x 1072
1 1.0385000 0.50 25.0 x 1072

15



3.0 FORTRAN IV COMPUTER PROCRAM

3.1 GQGeaeral

The fellowing FORTRAN IV Computer Program has been developed to

calculate the natural frequercies and the unstable values of thrust

frequency from data consisting of the pavameters, H, 7, t, ps By v,

&y My N, ‘1‘0, vs Ry AR and Ko The manner in which these data words are

read into the computer is preseated under FORTRAN IV COMPUTER PROGRAM

INPUT AND OUTPUT INFORMATION of this report.

The computer program coasists of the following parts:

3.1.1

3.102

3.1,3

3eilab

Maln Program - FORTRAN IV Computer Progrem for the
Evaluatlon of Natural Frequencics (OMG) and Unstabie
Valuea of the Thrust Frequency {COMG) for a Simplye

Supported, Circular Cylindrical Shell.

Subzroutine NAFREQ - Subroutine for the Bvaluatfon of
Naturai Frequencies {OMG). Subroutine calculates 10-values
of M6{0, K, 1), 20~-values of OMG(J, O, I) and 300-values

of OMG(J. K. I).

Subroutine UNST1 - Subroutine for Unstable Values of
Thrust Frequency, COMG, Equation [82). Consideration

of three (3) cases, involving 30 values.

Subroutinz UNST2 « Subzeutine for Unstable Values of
Thrust Frequency, COMCG, Equation [83]. Consideration

of one (1) case, invelving 20 values.

16



3‘«»105

3.1.6

3.1.7

3.1.9

3v1610

3.1.11

3.1.12

Subreoutine UNET3 - Subrouvtine for Unsrabip Vaiues of

Thrust Frequency, COMG, Equatioen [84]. Consideration of

nine {9) cases (3-inaduissibiec), iavolving 120 walucs.

Subzoutine UNST4 « Subroutine for Unstablie Vaiues of

Thrust Frequency, COMG, Equation [85]. Consideration of

nine {9) cases (3 inadmissible), inveiving 120 values.

Subroutine UNSTS « Subroutine for Uastable Values of

Thrust Frequency, COMG, Equation [86]. Consideration

of three {3) cases, involving 60 values.

Subroutine UNS76 ~ Subroutine for Unstable Values of
Thrust Fréquency, COMG, Equation [ 87]. Consideration

of three (3) cases, involving 900 wvalues.

Subroutine UNST7 « Subrouti ne for Unstable Valuwes of
Thrust Frequency, COMG, Equation [ 88]. Consideration

of three (3) cases, involving 900 values.

Subroutine UNSTE ~ Subroutine for Uastable Values of
Thrust -Frequency, COMG, Eqnétion [82]. Consideration

of three (3) cazes, involving 900 vaiues.

Subroutine UNSTY9 - Subroutine for Unstable Values of

Thrust Prequency, COMG, Equation [90]. Consideration

of nine (9) cases (3 inadmissible), involving 1800 values.

Subroutine UNSTIO - Subroutime for Uastable Values of

Thrust Frequency, COMG, Equation [91]}. Consideration of

nine (9) cases (3 inadmissible), invelving 1800 values.

17




3.1.13 Subroutine UNSTil -« Subroutine for Unstable Values of
Thrust Frequency., COMG, RBquation [92]. Considezation

of three (3) cases, involviag 900 values.

(]
L)

PORTRAN IV Iogend for Inpu

The FORTRAN IV designation for inmput data is as fellows:

Input Parvameter FORTRAN IV Name
Hy half length H
T, rad}ius R
t, thickaess T
P, mass deagity REO
£, modulus B
v, Peissonts ratio v
m; test frequency W
m, axial variatien texm M
r, radial variation temm N

T constant thrust TO
Y, rzatie, vatiéble to constant ihrust GAM
2, thrust freqﬁency " COMG
K, contmi consiant CK

Full details on the manner in which these data are read into the

computer is presented uander FORTRAN 1V Computer Program Input and
Output Infermation.

18



3.3 FORTRAN IV legend for Computed Variabies

Due to the restrictions on variable names in the FORTRAN IV

language, many of the computed wariables were reassigned. The

following tabie gives a cempiece 1list of

corzesponding FCRTRAN 1V designation.

o ji" natural frequency

Q jic’ thrust frequency

ai
jk

b ‘i

oD

Bjk
(612,

£,(1), £,(2)

X %

4

T

1
2
Range on subscripts:t j =0, 1y ecoy M

k=0, 1y s0os N
t =1, 2,3

e
O

oMG(3 K, 1)
COMG{JT ,K,1)

A(3,K,1)

B{J ,X,I)

DELO(J ,K,I)
€{J.K,1)
D{J,K,I)
F(J,K,I)
BETA(J K, 1)
BETA12(J ,K,1)
Fi{L)

x(L)

D1
ct
2



3.4 FORTRAN IV Compuier Program Imput ard Output Information

3 y.é- sl Input

The input data which must be punched on cards avre the terms H,
R, T, RHO, E, V, W, M, N, TO0, GAM, (MG, CK. These data are punched

on two Cardsa

The first data card will contain H im spaces 1 through 10, R in

spaces 11 through 20, T in spaces 2% through 30, RHO in spaces 31 through
40, E in spaces 41 cthrough 50, V ia spaces 51 through 60, and W ia

spaces 61 through 70.

The second d_ata caxrd will contain M in spaces 1 through 5, N in
spaces 6 through 10, TO im spaces 11 through 20, GAM ia spaces 21
through 30, COMG in speces 31 through 40, DCOMG in spaces 41 through
}50 and CK ia spaces S through 60.

The READ STATEMENTS for the first and secemd data card will

be as follows:

2 READ(5,102) H, R, T, RHO, B, V, W

3 READ(S5, 103) M, N, TO, GAM, COMG, CK
103 FORMAT (215, 4E10.5)

A definitien of input data is given undar FORTRAN IV legend fox
Input Data.

20




3.4.2 Output

-

The values of natural frequencies j; [GEG(J,K,I)] are printed

in f£loating peint numbers except the values of J and K which are

The unstable walues of the thrust frequeacy ﬂji fcoMe(J,K,I}]
ave printad in Flasting reint numhers excent the valuss of J and K
which are integer valnefs?. A descriptive title, properly identifying

the equation number and the particular case, is printed before eack

scction of the program printoui.

3.5 FORTRAN IV Sourte Program

3:5.1 Cenerai Statement

The pregram which defines the eperatioms which the computer is
to do and whick is writtem by the programmer in the FORTRAN IV languege
is called the FORTRAN IV Source Program. With this im mind, and with
reference o the PORTRAN IV Legend for Computed Variables presented
earlier in this report, the reader should have little difficulty in
understanding the following Program Ifisting.

3.5.,2 Program Listing

21




*
o]y

1ue
103

luy

o}
1¢o

luo

"\J”‘\ ‘HF '_,u_u

COMNMUIV LeSorirverwePLlaNeMoOMG{cD o200 3) e ReHITOPCKeRIPGAM

NASA CONTKALT NASE=11254 (LUNGITUUINAL VIBRATION RESEARCH)

FUrRTraN 1V COMPUTCZR PROGRAM +0r THE EVALUATION CF NATURAL

FhewueNCIES (OMG) AND URSTABLE vALUES OF THe THRUST FREGUENCY

(CUML) FUR A SIMPLY=-SUPPORTEULs CIRCULAR CYLINDRICAL SHHELL.

KE AL L

whklTe (6e100)

FORMAT (IHL o 2UX e 31HLEGEND OF TERMS USED IN PROGRAM,//95X s 30HH ====
1HALF LENGTH OF CYLINDER¢/¢5X925HR ==== RADIUS OF CYLINDER»/9¢5X5 331
el THICANESS OF CYLINDER WALL e/ 9¢S5Xr40HRHO =« MASS DENSITY OF ¢
IYLLINUER MATERIAL/¢SXe38HE ==== YOUNGS MODULUS FOR THE MATERIALs/»
USx e 21tV ===e POISSONS RATIOr/ +5Xe26HW ==== REFEpREMNCE FREGUENCY /9D
X SHriv. meem= NUMBER OF AXIAL VARIATION TERMS e/ 95X 39HN mwme= MNUvLLK
Ot RALLAL VAKIATION TERMSe/ZeHX03URJrK == SUBSCRIPTS OF THL APRAY:/
TroAe 4HOMG(UrRk el ) === NATURAL FREQUENCY 19/¢5X»34HONMG(JrK»2) === NN
SATURAL FREGQULINCY 29/ 05Xp 34HOMG(JyK93) === NATURAL FREQUENCY Zo/9r0a
GrotHTy === CONSTANT THRUST FURCE»/¢SXr3BHGAM == VARTABLE THRUST/Cu
TS TANE THRUST 2 Z 95X 048HCOMG == CAPITAL OMEGA» INSTABLE SEARCH FrouU
2B CY s /05X 0 35HUCOMG == DELTA CAPITAL OMEGA, INCREMENTe/ 15X e 2(HCK==C
J0F.TRUL CONSTANT)

REAL (H2102) reReToRHOPE P VoW

FORrMAG (TFlueD)

REAU (50103) NeNeTOeGAM,COMGsDCOMGICK

FORMAT (2I5956105)

WE1Te (00104) HeReTeRHO,WeE»VyMyNsTOrGAvyCOMG,DCOMGCK

FURMAT(L1HY» 1UX e 62HUNSTARLE VALUES OF THE THRUST FREQUENCY(COMG) Fu
1R THit. CYLINLER?/Z/93X0 14HHALF LENGTH = +3PE1550 10X 9HRADIUS = soPCE
21550 JUXe12HTHICKNESS = ¢1PELS,5¢/793X0 1SHMASS DENSITY = »E15.509X
IrcetR FERENCE FREWUENCY = ¢E154507/793X» 1 7THYOUNGS MODULUS = »1PEdb,
459 7xs LTHPOISSUNS RATIO = 2E19.,50//7¢3Xe 34HNUMBER OF AXIAL VARIATLION
S5 TekiS = »I5010Xe SSHNUMBRER OF RADIAL VARIATION TERMS = »I5¢//05Xx0c
62HCONSTANT ThRUSTy TO = »1PELSHe3IXe6HGAM = 2E15,5¢3X021HCARPTTAL ©
TMEGAPCOMG = 221550 // 93X 28HUELTA CAPITAL OMEGA,DCOMG = +E15.5r0a0
B82UHCONTRUL CORSTANT KoeCK = 2E15e50/7/7)

P1=3.141592654

LoH/w

SzT/H

UZRHO sH*H*Wxw /E

CALL WAFREQ (LeSeUrVewePIeMeN)OMG)

wiille (6010%)

Furhag (20Xe41HTABLE OF NATUKAL FREQUENCILIES» RAD PER SECe//slxrcriv
Lo e o oKy e 8ArIHOMCGA (1) 011X SHOMEGA (2) 010X SGHOMEGA (3)0//)

FURNMA T (21593020e877)

UG & wSleM

LU © RE1eN

JI;J-L

KiZhey

whelTe (orlUu) J1eK1lo (OMU(JoKeI)piz=1e3)

RIMZZ o 1% o ¥ 1 #R*T $RHO
RISKV* (e S¥R&I+ e 335%H %) %586,

CALL UNSTL (FL1oRetis TO»ChpRI v GANM,OMGeMeN)

Cil UNSTZ (P1oRerdr TOrCKoRI »uAM, UMGIMIN)

CALL UNSTS (FisRet1eTO»Ch o RI v GAM, OMG oMY N)

CrLL UNSTY (PL1oRe e TOWCK e RIPGAM, OMG oMo ()

Cill UNSTS (PieReHeTO»Ck oy RI v AN, O0MGIMeN)

CAlL UNSTEH (PIrReHesTOWCKoRI v 0AM,CMG oMo N)

Chll UNST7 (PieReHITOrCKeRI»O0ANM,CMGeMIN)

CAll UNSTE (PLeReH2TOWCKaRI v 0AM,OMGrMeN)

Chil UNSTY (FIoRvHeTOiCKiRI s GAM, UMGeMe )

FA

22



Cael
QiaL.L.
uwlo T
Ei.u

ONSTIU (L eRetie TCrCRroRI vo[‘k.\".,UNGvf".vN)
UNSTLI(PL oK oo TOrCRr oI ngiam, Oy MiN)

2
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lu

13
"'lul

12

12

F'Uf itHf’HtO
HASA CUNTRACT NASE=112%% (LunGITUUDINAL VIRBKATION RELEARCH)
SUBRUUTINE  FuR THE EVALUATIUN OF NATUKAL FREQUENCIES(OMG) .
SUUBKUUTINE CALCULATES 16 VALUES OF OMG(eKeI)» 20 VALUES OF
OMO(UrOe L) e AND 300 VALUES OF OMG(JeKe 1)
SUBRUGTINE WAFREG (LeSeUsVewWePIevieNoOMG)
DIMENSION A(303) 1RO0OTR(3) PROUTI(3) »OMG(2002003)
Rt AL L
UisuUs{le=VHy)
LU 1 JU=leM
UU 1 h:l'N
GO L 1=1le3
OrvolurkKrl)=ued
ol & STl
UU 2 a=1r¢N
Jisd=,
NIZK=}
FuxzdJl
FraK i
b Cd=1) 3050k
It (Kk=p)2020D
OMO{urKe L) 2L *rK*xw/SGRT (24 %xUx(14+V))
GL Tu 2
It {rn=1)obror 7
Alle ) Ze20%(Pi¥FJ)x¥2/01
Allrg)Zeo*VELxFJxPI/UL
Alegr i )=A(1rc)
Al2r2) S (L*L+S+Sk(FJRPI)xx4/1924) /Ul
Cacl mESSEN(A2)
Chtl WREIG(Ar» e RUOTRPROOTIN0)
Le 8 12192
IFORGUTI(IN)ISe1009
IFAROUTRI) ) wellell
WhITL (0r100)JrKe Lo ROOTR(I)+ROOTI(I)
FORMA | (23HOROOT 1S NOT ACCEPTABLE 3159,2E15.8)
GO Tu 8
OMG(UsKe1)Zn*SAQRT (ABS(ROOTR(1)))
CONT LUE
G TU 2
B )Z. 209% ((PI#FJ)**242 % (1e=V)x (L*FK) %x%2) /Ul
Allrg)S=e25%F UxFKxPI*L % (14+V) /U1
AlLles)=o¥VrLxPIxFJd/UL
Alcr1I=Allrg)
Al2re)=el29% ((1amV)*(FUsP L) x42+8 % (L*FK)*%2) /U1
Alcry) = =1lo*L*¥LxFK/UL
ACSr )AL y)
AlSerc)=A(203)
ALOr )T (14l 4SSk ( (L E¥FJRP ) dx+L ¥L¥FRKAFK) #%2) / (124%U1)
Chall nbSSENNIAeS)
CaLl JREIG(A»S3rROOTReROCTINU)
LG de 12103
I Gkou TICL) )i dell4eld
IF (ROUTRUL) )i de15015
whdTe (0el0L)JrKe I rROOTH (L) 9r0O0UTL(I)
FORMAL23H0RUGT 1S NOT ACCEPTABLE »31502E15.0)
oL Tu 12
OvolurKe I)=a*SARTABS(ROUTR(1) ))
CoOnt LR
CUNT inblE
RtlUHN
24
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Sd

(o]

Lo
ul

L4 &
L4y
4o
v
SRV]

FOr hoaStiy

SUBROLTINE Tu PUT MATRIX IN UPPER HESSENBERG FORM,

SUORUUTINE FeSSEN(ANM)
UimbwsION A(Se3) B(2)

Uluble PR

ECLSION SUM

IF (v = 2) JUe30932
DG 4y LC = SeM

N = Mm=LC+ 3

Nl = v = 1

bie,. = v = &

NI = wl

Uiv = ABSUAlNIN=1))

e 2 v =

IF (ApS AN WY 1= DLVY 2201
“1 - W
Ulv = ABS(Aalined))
CL”\TANUL
LF(oav) Serlbur 3
IF Cisl o= N1)Y <49 To4
ue H ow = Ll
Div = AlJeNNL)
Alwriny) = AlJeNL)
Aluweng) = DaV
UL o v = Ly
UIv = AlNI»v)
Atnleo) = AlNied)
Alnlew) = UiV
U 2o K = 19 W1
(k) = A(NIR)/A(NIN=1)
UG 4% J = 1M
SUw = Q.U
I (0 = 1) Loerl3e43
IF (o)) 4lel3ell
AlNed) = UsU
LU 4 K = 1lenil
AlKes) = AlRed) = ALKeNT)*B(J)
SUM = SUM + A(KeJ)*B(K)
GG TL 45
UG 44 K = 1ol
SumMm = SuM + Al e Y EH(K)
Alinleo) = SUM
CONT inlt
RLTUNM
b N

1eiv2
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FLSSlude

rieHSduUl
AeSHUUUL
f-Sohduld
eSS Udude
neSS0uUs
He SSUULL
mt;SbOUll
FoSH0Ule
[ BSJUUI:
reSS0Uls
AeSslule
res50ule
oSnlul?
e Solule
e 650uls
reSo0uel
e 5S0uel
HLoSduee
u;’_SbO uéé
esSlucH
HLSSuulo
nessS0ue?
rn-550uls
ne550udy
r'n_SSUU._'JU
H. 550031
=T~ 10EVR% P-4
FLSSUudd
550034
fuLSbUUjb
reSoludb
l‘iL_SSUUJ“’
e o50udl
He 550039
H.55%0u40
neSs50ull
o SoHlude
e S50uldd
e S55004H
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Joet

177

a7
13
v
83

le

LO
31

io

1

2l

rx4

<4
i1

)
L4

FOUR LholO
PiOURAM T Calll ui TRANSFORMATION»

SLonOuTILE GNLIG(hvaROCTR'RUOTIoIPRNT)
UIMEINSLOM ACor3) s ROOTR(3) »ROUTI(S)

o=
IFCIPsNT) Lur8le3l
wi1Te (erel0&)

e = 060

Ju=1

XhiinzUu .0

X1.€=U.0

AR Z o 0

: U
U

1o

U *
C .
UL = U
K=U el

SIvzulU

ek =200

Ik (=g Loelleil
Ir (L) e r 83082
wrdTe (0elUD)A(LeL)
RGUTK(L) = A(lel)
RCOTI(1l) = Ul

Ke TUras

oS

v
v
+U

X = (all=Llojy=1) = A(N,N))I**2

G = G URA(NIN=1) *¥A(N=1,1!)
1Tewk = ITER + 1

IF (ApS(S/X) oGT, 1aUE=R) GO TU 15

IF (AnS (A(N=1rk=1) ) =ABS(AININI D)

£t = A{N=LloeN=l)
G = allNeN)

GO Tu 23

U = A(N=leN=1)

£t = A(NeN)

F = Ve

2 e

UL Tu 24

S =T A+ 5

X = A(N=lojg=i) + AlNeN)
It (S) 18,19¢19
S(,.v:S\.«l(T (S)

Fzueu

HZU e U

It (&) 21024022

LT (A=SW) /26U

Cola+s0) /200

ul Tu U

b:(x—b@)/aob

Loix+uU) /260U

vl Tu 24

F oz 9uRT(=5)/¢40
Lzk/cze0

G

izt

it (Ju) 26970070

U = l.0E=10Ux(aBdS(u) + F)
It (AL (A(IN=Lr,=2)) +4GTWs L)
IF CIPNT) b 8584

W iTe (6el100)LeFe 1TEFR

32032031

60 Tu 26

27

MA X LMUM

s
woal v uve

Gl isLuud

WGl
\,:\Ct-‘:JuJU
uu\C0v(JuL)7
onCivbulo
wieCii0ul9
ui'{(.“uUUlU
wnChOull
wrCinlule
wrCinbuld
Wriiibuls
\.-"\Cr-oulb
whniivbuio
wrleillul?
u.\Cuduld
u.’\Ct -\1019
wrCinduel
\_.j\CHUUZl
LrCnbudd
arCnilued
onCi0u2h
ur\CHU Uds
uhihhudo
ul(C(‘\0027
rCniduebd
GhCihvbue9
wurCin0u 30
wkCivlu 3l
wrCinlu 3
wRCNGU3S
wniChOu 34
anCin0u 3o
wursCivl i 36
uﬁCNOU37
wCiv0udb
onrChouds
unCivOu40
UKCHUU“l
wrihiude
GhLivouda
Gy
\,r\'\,n(“uwb
wilLivluso
ui\(,i“u“u‘i?
\,':\L‘mu U C
ui'x'\.,l\‘\'.)u‘#L)
ul‘\pi‘idu;’_)U
U!‘\LoHUu:)l
wieCivduoe
wnrCnGund
ua\Cl‘Uut)‘*
u;xLHUuD:
onlivbube
uh(;l‘vbu;)-;
unCiibuoat
wrnCinbuns
wrCivuunl



Lo

PR &)
YR

c7
teYe)
87

DU
(3Y4
09
o4
Lo
8o

vl
89

Tut
Tul

nul

DU

ldwn

1
l1Jdo
lu7

aile toerldniurid
TYVICA STRUID = &
KOUTEAN) =
HKOUTHRUN=1)
RGUTI(N=1)
N

IF o) Lol /o177

5
H

1o

IF (ADS CANIL=1)) 0T 1., 0E-1uxABS(AININY)) GO TO 5

1L (IPRNT) 6087980

wh AT (6el09)AINSN) e ZERGY 1HER
ROOTKR KDY = AliveN)

ROUT L (IN) ueU

NN g

. Tu 177
1?kAub(AUS(ANN/ﬂ(NvN-l))—1v0)-l=UE-6) 03163162
Ii(ADD(AUS(Awa/A(N“loH~2))-l.O)-l.OE'G) 631639700
Vh:Awb(A(Noh-i))-AUS(A(N*I'N'2))
Ir (Vo) 6707160

It CIPRHT)  bue85ru8

abile (oelCl)Aa(N=L1eli=2)

GU To vd

IF CIPRNT) 8987089

whilc (6¢107)A(NIN=1)

GG Tu 80O

IF(LicR «GTe 90) GO TO 63

1= ((E-AA)**E*(F—B)**Z)/(E*E+F*F)
le= ((u"C)**2*(H—DD)**2)/(6*6+H*H)
It i=0s29) 5ledlebe

It (Le=0.25) 53¢53+54
fzp*ko=F *¥H

510z +6

GC Tu ou

Ko *b

SiGze+t

e 1V 60

IF (£e=0e25) 55155001

R=0O*G

S1u=G6+0

6GC Tyv 60

K = U,.0

Siv = 0.0

Xz a (NeN=1)

X2 n(N=Llol=2)

Col GRT(APIrReSIVeD)

Y=y

S

Czu

UL =t

LY RVRNS '

FURM i (/7771 x0 OHREAL Fi T oX 14HIMAGIWARY PART, 26X

L3 AKEN aS ZERO ©X u4h1TER /7))
FURMaT (IXPELD«Be3XeELSa ey 424 [3)
FUN‘.\"M\]'(E)OX t13.8)

(R

28

uanguoi
wnlivdubc
GG uoe
wninduon
u?‘\\/w; L0l
u.\Cuu‘doC
GhCivouf
whiviswuot
whLivUubS
whCivuu 76
uhChUu71
wniCrdu7é
uﬂ(“dU?Z
uz“.Qu(.‘U?“
unCuQU?b
winlivduTle
o Civu 77
uﬁLwOu?8
witlisbu 19
uﬂLnduéU
M TIVIVERY !
winLivluae
whrCivdubtd
\«1\Ci- ol
whCisdudd
it ludb
uit’(,hUUd?
witCinlbu 8
wnihlua9
dﬁCLOUQU
wiCivuyl
wrCinude
wh Uit u9d
ui\'LNG u9‘+
gnLhUu9b
\xhCNUUgb
witlniQud7?
WARLHUuUYo
W CinGud9
wrCivUauu
wrCivd iUl
wnCihidide
wnCHO10S
wrCivd i ute
'ux"\CN() J.Ub
wnlinlilb
WinCinCau?
wninbade
arliniiiu9
wirLivbs 10U
enliniall
wnliivilig
unyhﬂxib
wniisbil4



iy F O e
SUokouT e R AN eRe L IGHU)

1y TS VS - WY
VizipP=utl
R CAGS(AGILI+1,dl) ) =0) 13013014
la 1,=Ji
13 e 1uU Iz el
[t (1=4iP) loelSrlo
1o b(l):m(IPOIP)*(A(lPoIP)—SIG)+A(IPrIP*I)*A(IP*IOIP)*R unT 0u2l
6(2):A(IP+1-lP)*(A(IPoIP)+A(LP+1vIP+1)-SIG) UkT Gudd
GLI)=alIlP+1leir)xA(IP+2,1P+1)
ACIP4ceIP)I=UWU
OC Tu 16
lo G(l)zallel=1)
Gle)=allelei=1)
1+ (I-4A) 17017918
17 G(3)znll+2rl-1)
0U Tu 19
1o b(.‘)):u.U
19 Xk = SION(SGRTIGI1)I*%2 4+ G(2)**2 + G(3)x%2), GG1)) Wi T Uule
cl I (xR} 2304023
23 LLIO(L)/XK+ieU
PSI(L)=0(2)/7 (0 (1) +XK)
PLI(e)=6(3) 7 (6o (1)+XK) |
vl Ty 25
24 AL=2 ey |
|
|

UIMEISION ALSe3) e PSTL3) G(y)
. il = oiv = 1
Ia z 4, = 2
I = A
IF (timd) 10193060
(o3V] UG 12 J = 3Nl
Jl = v - J
IF (A (AGJL1+410Jd1) ) =0) 10+4i0:11)

11 IF(AUb(A(Jl*lodl)*A(dl+2le*1)*(ABS(A(JI*I0J1*1)+A(J1+2vd1+2) winT Oull
1-516)+AHS(A(J1*37d1*2)))/(A(u1+l'd1+l)*(A(dl*ltJ1+l)—SIG)*A( vt T Ould
214100l 42)%¥A(UL1+2+J1+1)+K))=D) 1001012

1 iPzJl

|

PS1I01)=060
PSi(g)=Uel

o It (I=1y) curd7+d6

P o) IF(I=-iP) 928029

28 Aldlegml)==A(iel=1)
e Tu 27

2y Alipi=l)==Xn

e vl Ay Y=l
(L= A) 310381032

a1 CoPSi(2)*A(L+ced)
ol Tu 33

a2 LZUeU

33 E=ALx(A(Lod)+PSI(L)XA(I+1ed)+C)
AClog)zA(lru)~E
ACL4,u)TACL+10J)=PST(1)*E
ir(l=1A) S 34 e 3V

H4 AL+ s d)ZA(L+20d)=PSI(2)*E

SV CUinT iUl
It (1=-1A) 35035030

K1) Loite
we Tu 37

Jdo W

N
WO



37

o

4e
4o

43

10y
101

VL QUA‘J:IuvL
AT N g4 PFm s 30?3“?5‘}
CopPSit)*xA(ue i +2)

U Tu 4l

Czu.u
EcAL*(A(Jy1)+PST(1)*A(U,I+1)+4C)
Alurit=AlJrr)=E

Aldr 1 +1)ZA(Uri+1)=PST (1) %L

It (J=]A) G240

AlJdr [+2)A(Je 142)=PSI(2) *E

CONT iUk

It (1= +3) 43,433,100
E-AL4PS1(2)#A(I+30142)
AlCL+3,1)==E
AlL+3,I+1)z=pST (1) *E
ACL+5e142)zn(1430142)=PS1(2)*E
COHT J.HLJE

Kt TUK.

Eivi

30
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339
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WESA CONTKALT HASE=11255 (LONGITULINAL VIBHATION ReLELncy)
SUsrROUTINE FUR UNSTABLE VALULS OF THRUST FREQUENCY» EGUATION (0c)e
COSILERATIGN OF THREE (5) CaSES, INVOLVING 30 VALULS,

SuonkuuTLIhE UNSTL(PIsReHeTOPCKoIyGAMIOMG oMy N)

UIMELSTUN OvL(20e2003) vCOMG(dOvZUvZ))'A(gOOZU';’))ati(2(;02003)'i3fL_\)\¢;'u
leUoJ)rC(ZU-de3)vU(20:2U!5)OF(20120'3)vBETA(ZO;ZOv})vBETAlZ(ZchU
2e3) ki) eX(9)

O 1 uzl'M

DU 1 n=1le¢N

DG 1 15103

CCMO (UK I)ZULO

CONT LiUE

FOrMail (20XsouHTAGLE OF UNSTHABLE VALUES OF THE THRUST FREQUENMLY +O
IR ceunTION (d2)e RAD PER SECer//1aXp2HJ, r4X02HK, 1 8Xs LOHCCMEGA (1)
2/7)

FORMAT (215 1E20487/7)

FOrMay (20Xr33HFIRST CAsEer LUWER CASE M EQUAL 1e0/7/)

FOrbag (20X r34HSECOND CASEe LOWER CASE ™ EQUAL 240//)

FORMA] (20X s 33HTHIRD CASEe LUWER CASE M EQUAL 3.,0/7/7)

DU ¢ w=lrl

UC 2 nZ=leN

OC 2 i=1r1

STH}‘\'I:]. o2

STARTL=1.

X(L)=OTART* (UMG(JeKeI))

UL 3 w=102

AldrreI) (e * TxR*H*TO*CK) / (RIxX (L)X (L))

BlJrKke 1) T 5P 1xSQRTIACII K I))

IF(A{UrKeI)=14)30031030

Ce=gvx%x28

IF(s(orKe1)=C2)300,301,301

DLLU(UeKoI)ZL s+ (PI*PI%GAMXGAM) /64«

GO Tu 32

ULLU(u'KvI):l.+((PI*(A(JOK'I)**(éo/Zo))*GAM*GAM)/(lbo*(l.’(A(d'Krl
)N ) /TANCB(JIeKe 1))

ClUrk» 1) ZSORT(ABSIDELO(JrKeI)))

BlJdrke I (CLUrKp D)) x (SIN(B(JrKe 1)) )

IF (RS (D(Jderea) ) =16)33+33,34

ST TzSTART=e 1l

IF{5TARTIZIZS: 525230

CUMG(urKrI)Ze 333335353

LU 1o 20Ul

Fldrhne IIZASLINID(JeK 1))

BETa(oeKe1)Z(2/PLIX(F(JrKe 1))

BETAL(JrKe L) Ze5%(BETA(JIK1))

FLL)=(OMG(urKe 1))/ (1 =BETALZ(JeKr 1))

Ale+1)=F1(L)

K(J):ik(l)*r1(2)°X(2)*Fl(l))/(A(l)‘Fl(l)-X(Z)+F1(2))

Alurre 1) (8 *¥PTxR*H*TOXCK) /(RI*X(3)%X(3))

Bldrre I)ZeS5*¥PIxSGRT(A(JIKe 1))

It (a(urRel)=14)300357036

Cezco**ld

IF(r(urKeI)=C2) 3000401401

ULLU(QOKDI):l.*(p[*PI*GAN*GAM)/64o

GO Tu Jd6

DLLOGUIK P I) 2l o+ ((PLECACJIKP L) A% (34724)) xGAM¥GAM) /(160 (1e=(AlUrnrl
I Y /7 TAN(GB(ueKe 1))

Cldrike 1) =9SO T (ABS(DELO(JrKeI)))

Cldern e I)Z(C(UsKo DN *(SIN(3(JeKeI)))

31




SY

5490
392

593

o994
395

2ul

S3uU
331
32
Sul

Lul

ul
<Pul

45

Gu

Tr(ha e ((dene[))=1e)13993946

FUJrk o IIZASIN(D (UK 1)
BLTA(UrKrI)= (2o /PL)*(F (JsKal))
BETALe(UrKy L)% (BETA(JPK» 1))
F1(S)=tOMGLurne 1))/ (Le=BETALE (UK I))
DI=x(o)~F1(3)

IF (AL IX(3))=1000.)3909 364 » 394

It (A (X(3))=100e) 39203439390
Ciz.yul
G0 Tu 395
CI:'UL
GO Tu 395
Cl=,i
IF(ALL(CL)=C1)5e500
X(1l)=ale)

Fl(l)y=F1(2)

X(erzald)

Fileg)zF1(3)

STAKT L=STARTLI+L,

IF(STHRT1I=10bU I 4o l0201

Aldrns D) (84 2P TRR¥H*TOXCK )/ (RI*X(3)*X(3))
IF(A(ueKeI)=1,0)330+501,501

Blrrne 1) (B *¥P T #R*H*TO*CK) / (R])
ClJrrk» 1) =SGRT(B(JeKe 1))

2.0l
IF(AGLIC(JIK L) =X(3))=C3)331+331,332
COML (weKer 1) Ze38888888
6L TU 2001
CuMG(urKeI)=oli1111111
GG Tu 20ul
COUMO(urKe 1)z 77777777
GU Ty 2001
COMb(u!K:I):o99999999
GO Tu 2001
COMO UK ) zAUS(X(3))

IF (i(urKeI)=14)20010501,501
COMU(urIKr I )Ze06660066
CONT LiUE
COT UL
WhiTe (60101)
WHRITL(6:103)
UG 7 u=1rl
OC 7 n=1leiN
Jizsd=,
K]lZK=,
WhiTce (oel0g2) J1eK1e(COMG(JrRe1)el=10e1)
COnT i LE
Wl L w=leld
LO o =10l
D( { .:1'1
STarizlee
STHV‘;:lt
X(L)=oTART® (026 (JeKe 1))
Ut 9 =12
Al rne 1) (30 ¥ IxRxtikTO*CK)/ (nI*xX (L) *X (L))
BlurheI)ZoeOxFI«SGRT(ACUIK 1))
IF(A(UrKel)=1a)UUrdlel0
C'C:do**zo
IF G (urKe 1)=Ced)uy0 3029302
DELUGOIKP L)1+ (PI*PIXGAMXGAM) /04,
GU Tu H¢
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4 UU ut;biq-K-I);l.+((PI*(A(J'KoI)**(J./Z.))*GAM*GAN)/(lo.*(l.~(ﬁ(u-nv¢
1))/ TAE (UK 1))

be Clurns I)Z50n 1 (ABSDELO(JIK 1)) )
U(u:K:I):(C(doKvI))*(Slh(b(dlKol)))

, IF (Aus U (denei) ) =1e)83,u3 044

& STARTZSTAKT =61
IF(STARTIUR2S e 425045

425 COMO(weKe 1)z e33333333
60 Ty 2002

“'-5 F(\Jl'\")‘Fl"ﬂbli\i(c(\)?l\fl))
BETA(UrKeI)=(24/PI1)*(F(JrKe 1))
Bﬁ]Alc(J Ke l)—oD'\UnlA(v‘K'I!)
F1(L)=(OMG(JUrKeI))I/Z(BETAL2(J9Ky 1))

< X(L+1)=F1(L)

lu X(3)=(XC1)*#F1(2)=x(2)%F1 (1)) /(X(1)=F1(1)=X(2)+F1(2))
A(Urne 1) (B *¥PT*R*HXTOXCK) / (RI*X(3)%xX(3))
Glurre L) eH*PI*SQRT(A(UWKII) )
IF(A(JeKel)=1le)lor 47040

K

40 Cozo .28
IF (e (urKe 1) =C2)U60r4020402

“/ DELC(wrKe 1)zl o+ (PL*PI*GAM*GAM) /64,
OG Tu 48

Loy DELU(UeKeI)Zle v ((PI¥(A(UIKe L) %%(34/20 ) ) RGAMRGAM) / (16e% (1 e=(A(JrKrl
1)) ) )y /7TARCEB(UrKe L))
4o Clurrns I)SSARTIABS(LELO(J K1) ) )
D vrns IN=(C(UpKy D)) (SIN(B(JrKe1)))
IF(ASL(D(Jrnel))=1.)49,u9,12
4y Flurne I)ZPI=ASIN(D(JrKe 1))
BETA(UrK L) (2e/PL)*(F(JrKel))
BETALZ(JeK e L) =e5*x(BETA(JrKe 1))
F1(5)=(OMG(urKe 1))/ (BETALI2(JeKeI))
DI=X(o)=F1(35)
IF (Aus5(X(3))=1000.,)490,uG4 434
CE 1Y) IF (Apu (X(3))=1004)492,4939499
492 Clz.vul
6C Tu 495
ng Clzoul
GO Tu W95
494 Cl=..
495 IF(a,(01)=Cl)1lellel2
ieg x{lizale)
F1(1)=F1(2)
Al2)z=x(3)
Filte)=F1(3)
STARTLSSTARTL+1.
IF (START1=100Ue)100r10s202
cue AlUrke L) (BexPI*RxHXTOXCK) /(KI*X(5)*X(3))
IF(A(UeKrI)=1.0)4300502,502
L3V BlUekeI)Z(8.%P IxR*¥H*TO*CK )/ (1)
Clurk sy 1) =SORT (B (UK 1))
C3z,u4
IF (Ao (Cldrke 1) =X(3))=C2)431,431,432
451 COMOG(UurKe )= 388838888
e Tu 2002
432 CuMG(ueKel)=e11111111

" GO 1Tu 20Ue
e CoML{urK 1)Y= 77777777

0C Ty 2002

4ue CuMG (UK 1)zZ4999399999
o0 TOU 2ui2

il CCMULUrKeI)ZABS(X(3))
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IF(n(urKel)=1,)2002¢502,%02
Sue CUMGlUrKI D) 2 e uhBbbLbD
Uuge  COnT InUE
O COnT LUt
‘ Wil (o l0L)
WHELITL (61U
VO 1o J=1rvl
VU 1y K=1eN
Jisd=;
Ki=F =y
WRITE (0el0g) J1eK1le (COMG(JoRe1)rl=1r1)
13 CONT LUt
UU 1g J=1ll
UC 14 KZ1leN
vl 14 I=Z1.1
STrmic[~el
STmﬂll:I'
o5 XL ZOTART R (UG (UrK 1))
vl 1o L=1e2
Alurn s 1) (B o % T #R*M*TO*CK) /(i IxX (L) %X (L))
Blurnes 1) Z P I*SURT(A(JIK 1))
IF CA(ueKe)=1.)50,51950

oU Cdz=2.x%20
IF G (urKe 1) =0 2)5000303,303

ol DELG(UrKe I )Tl +(PI*PI*GAMXGAN) /64
GU Ty Y&

Sul UDELO(UrKo L)zl o+ ((PI*(ACUrKo L) *¥%(34/24) ) %GCAMXGAM) /(16 ex(1le=(2(Jrnri
1))y 1))y /7TAN(B(JeKel))
De Clurr s D) =SOKT (ABSIUELO(JeKe ) ))
Dider e D)Z(C UK e D) )R (SIN(B(JeKe1)))
IFChus(0(drne ) )=14)53053954
o4 STAKTZSTART 44§
IF (S TaRT=140u0 0501550525
0eS COMG(UrKrI)=e333333833
GU Tou 2003
03 FOJrr» I)ZASINID(JeK 1))
BETA(UeK» L) (e /PI)¥(F(JrKel))
BEITAL (UrKet)Zo5%(BETA(JIKPI))
FLIL)Z(OMG(UrKe 1))/ (1 +RETAL(UrKe 1))
i5 X(L+l)=F1(L)
lo XA (XY »r 1 (2)=X(2)*F 1 (1) )/ (X(1)=F1(1)=X(2)+F1(2))
Alurk o 1) (8e P I ARXkHXTOXCK) /Z(RI*X(3)%X(3))
Blurke I)ZeH*¥PIxSQRT(A(JIKI))
IF(A(urKel)=14)56057156

Do CeZev%20
IF G (CrKe 1) =C2)5600403,403

ol DELC (UK 1) Z i o+ (PIXPIX*GANMXGAM) /64
GU Ty 96

IV BE LU ur Ko I)ZL ot ((PLIR(A(JIRII)#%(34/24) ) xGAMKGAM) /(15 ex (La={(A(Uenr i
LY 1))/ Taila(uerKel))

De Clurr s D) ZSurRT(ABSIULLLOCGIIK 1))
Ulurrny IIZ(C{ueKy D)2 (SIN(E(JeKe ) ))
LE (oo (UGdrrn e 1) )=14)599599 18

oY FOurh e I)ZAS (U lUrKa 1))

B lia(urKel)z(e/PI)VX(F(JrKeI))

. BLTiie(GrKe 1 )25 (BETA(JrKeI))
FlLO3)z(ONMG(urko 1))/ (1 a+BETALZ(UPKeI))
UIZX(o)=F1(3)

IF G (X(3))=10006)590r 4949594

HYU IF(AUQ(X(S))'1000)5920593!593

Ly Clz,.uul
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PV

JU3
4u3
17

oV

20
14

13

GO Tu HYH

Cl=.ul

GG Ty LYY

Cl=,.i

Ik (np L (LL)=CLY L7270 18
X(1)za(2)

Fl(l)zF1(2)

Cxtle)zald)

F1(2)=F1(3)

STARTL=STARTLI+1.
IF(START1I=100.)16016¢203

ACUrky 1)1 (8.xPIRR*HXATO*CK) Z IKI%X(3)%X(3))
IF(A(UesKeI)=1,0)5300503,503
BlJrR e 1) (8e¥PIxReFHxTOXCK) / (KI)
ClourKr IITSQART (B (JeK 1))

C3z.ui
IF(Au;(C(Jvh'£)~X(§))—C5)531v531rb32
CUMO(Uekel )z e 3B8888888

GG Tu 2003
COMGLIwIKel)zel1112111

GU Tu 20uUd
COMGLorKe LY=o 77777777

60 Tu 2003
COMG(UrKe1)2099999Y99

U TU 2003
COMUlweKe 1) zalS(Xx(S))

IF(A(GIK I)=1,)2003¢503,503
COMU(UrKe I )= e 606606060

CONT LiUE

CONT LiWUE

WhiTe (60101

WHATE(6¢105)

UG 1y w=lrl

UU 1w KZLlel

Jizd=g

KiZh=y

WHITL (60102) JI/KLr (COMGLJIRe L) o I=101)
CoinT LUk

Rt TUR:

(XY
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101

102

FOURK UNS e

NADA CONTRACT NASE=112%% (LONGITULINAL vIRBRATION RESEARCH)

SLBKOGUTINE Fun UNSTABLE VALUES OF THRUST FREQUE:NICY» EQUATIC. (col.

CONSILERATIUON OF ONE (1) CASwy INVOLVING 20 VALUES.

SUBRUGTINE UNST2(PLIsReH)TOICAerRI»GCAMeONG My N)

DIMENGION OMU(2002003)9COMG(c092003)

FORMAT (20XeBUHTABLE OF UNSTakLt VALUES OF THE THRUST FREQUENCT Fu
IR cQUATION (83)9 RAD PER SECe /704X e2HJ, sux 9 2HK, 18X e 1 HCOMEGA (i)
210Xy LUHCOMEGA (2)07/)

FORMAT (215, ¢E20.87/7)

U0 1 J=1leM

w0 1 K=1eN

UG 1 4=103

COMG(UeKel)zu,0

CONT [1WUE

Ul 2 uZ2rM

UG ¢ n=1lrl

LU € L=le2

COMOLEUIKP»I)ZOMG(JeK e 1)

CONT iwUE

whiTe (60101)

uo 3 u=2rM

U0 3 rn=lrel

dl:d"&

AlSK=j

WhiTe (6010c) JLeK1o (COMG(JrKr 1) 0 1z=102)

CONT li‘dUE

Rt TUR)

Ehu
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Wl Ok URNST

C
C
L

vl
102
103
lus
1lud
luo
1u7
10y
Lu9
i1lv

111

35

30
3l
300

3¢

4

3eb

VAR LONTRACT NASH8=1125%%5 (LONGLTUULINAL VIPRATIO | RELE.RCHY
SUuruoTINE Fuk UNSTABLE VALULS OF THRUST FREQUENCY,» EQUATIO . (ww).
CONGSIUERATIGH OF G CASES (3 INADMISSIRLE) » INVOLVING 120 VALt De
Subkuu TIHHE bNSY3(PIvaH.TOoCﬂoRIpGAMnOMG'MoN)

UIMENSTON ONb(20v20r3)oCOMG(&UvZOo3)'A(20v20v3)oﬁ(Z(02Gv3)PPELO\cu
1920'5)0C(2092Uv3)00(20020'3)'F(2U92013)vBETA(20o20v3)vBETAl?(ZOvCu
2e2) ek L(4) 0 X(H)

FORMAD (20Xs8UMTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENLY Fu
1R EQUATION (64)s» RAD PER SECer// riaXe2Hd, s X s 2HK, 1 8Xe LOHCOMEGA (1)
210Xs1LUHCOMEGA (2)0//)

FORMAT (2150 2E20.8//7)

FORMAT (LOX»7oHFIRST CASE. LOWER CASE M EQUAL 1, LOWER CASE N EuuUA
1L le (CASE NOT AUMISSIBLE) a0/ //)

FORM AT (LOXe5oHSECOND CASEe LOWER CASE M EQUAL 2¢ LOWER CASE N LU
1AL Le/s/)

ForivaT (LuXebSHTHIRD CAGSEe LUWER CASE M EQUAL 3, LOWER CASE N EuwuA
1L 1e/7)

FORMnl (1UXe5olFOURTH CASEs LOWER CASE M EQUAL 1, LOWER CASE I cuu
1AL 2e/7)

FORrAaG (10Xs 7TuHFIFTH CASL LUWER CASE M EQUAL 2, LOWER CASE N EWUA
ik 2+ (CASE nNOT ADMISSIBLE) o0/ //)

FORMAT (LOXeHSHSIXTH CASE LUWER CASE M EQUAL 3, LOWER CASE N EwuA
ik 29/7)

FORMAT (LOXeSTHSEVENTH CASE LOWER CASE M EQUAL 1, LOWER CASE W tu
1Uni 30/77)

FoRMAT (1uXsHoHEIGHTH CASEs LOWER CASE M EQUAL 2» LOWER CASE N Ewu
1AL 39//7)

FORMAT (10X» 78HNINTH CASE» LOWER CASE M EQUAL 3, LOWER CASE N EwUA
1L 3y (CASE NOT ADMISSIHBLE) o0/ //)

LG 1 JE1eM

UG 1 K=1eN

DG 1 4=1»3

COMG(urKe1)ZUL0

CONTInUE

WRITe (6e101)

wlTe (6¢103)

LO o uZ2eM

CO ¢ w=1r1

LG 2 L=l

STAhr:-l

bTAh]lzlt

X(L)=START* (UNG(JeKe 1))

L0 S L=l

AUk e I (8o #P LER*H*TOFCK) / (KRI*X (L) %X (L))

n(uvmv1):.5*PI*SGRT(A(J.K;I))

IF(AtUrKel)=14)30¢31030

CezZeg.*x*28

IF(u(uvK'l)-Ld)ﬁduvﬁul'ﬁUl

UELU(UrKI)ZLe +(PI*PI*GANKGANM) /04

GG Tu 32

UtLU(qu.I):l.+((Pl*(A(de0I)**(3./2o))*GAM*GAM)/(lbo*(l.'(ﬁ(u'Koz
1)) /TAN(E(UeKe 1))

Clurns I)=SQRT (ABS(DELO(JeKe 1))

U(u.n.l):(C(u.K-I))*(SIN(b(JoKoI)))

IF (AU (D(drnei))=1e)33033,34

START=START+. 1

IF (S akT=1.0) 350350325

COMG(UrKerI)Ze 33333333

GO Ty 20Ul
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33 Fldene DIZASTnU(JeRKeI))
BETA(Ur Ky D) 2o /PL)*(F (UK 1))
FIlL )2 {OMG{GsKe 1))/ (ARSI =1a+0uETA(UIkeI)))

3 X{u+1)=F1 (L)

4 X))z (XCL)#r1(2)=X(2)*F1(1) )/ (X(1)=FLl(l)=X(2)+F1(2))
ALGrKe 1) (B P I 2R*¥HXTOXCK) Z{KI*X(3)%xX(3))
Bldrhp 1) Ze*¥FixSQRT(A(JIKeI))
IF(A(UrKrI)=14)36037+36

36 C222.%%28
IF G (ueKe I)=C2)360+401 9,401

37 DELO(UIK» I )1 o +(PI*PI%GAM*GAM) /0L o
GO TU 48

de0 DELOGUr Ko D)2l o+ ((PIX(A(JIIK»I) X% (30/2¢) ) %GAMKGAM) /(16 e % (1a=(L(drRri

IV /7TANGE(UIKS 1))

36 ClUrrne I)ZSORT(ABSIDELO(JeK 1))

LideR e I)ZCHUo Ko D)) *(SIN(B(JeKII)))
IFCADSUGJrRne L)) =1e)39+3G96

R1¢] FCurne I)ZASINID(JIKeI))
BETA(UrRKe D) (e /PL)X(F(JrKeI))
FLOS)Z(CMG(Urh o 1) )7 (ABS (=1 e+uETA(JIKeI)))
ULZX(o)=F1 (o)

LF (A (X(8))=10004)39003949394

390 IFaus(X(3))=100¢)392+3039390

392 Cl=z.vul
oU Tu 395

396 Clzcul
GO Tu 395

394 Cl=.1

395 IF Caps(D1)=Cli%ene6

e) All)=al2)

Fl(1)zF1(2)

A(2)=a(3)

Fil(e)=F1(3)
STARKTLI=SSTARTLI+1.
IFASTARTLI=1uU) 404201

20l ACJrk o 1) (8o %P T#R¥HXTOXCK) /(RI*X(3) %X (3))
IF (A(UIKe L) =1.0)330,501,%01

330 SUdeKp 1) (B o xP I X*R*¥HXTO*CK) /(R])

COUrKe I)ZSORT (B3 (JrKP 1))
CSZ.ul
IF (AL (Cldrrn e 1) =X(3))=C3)331¢331¢332

331 COUMOU(JrKe 1) 28888888
Hu Tu 2001

332 COML(UrKrI)zell111111
vU Tu 2001

Jul COMG(Cr Ko L)z 77777777
wU Ty 2001

401 COMU (UK 1) 2449599999
wu To 20Ul

) CuMOU(urKe I )ZALSIX(A))

I (Gh(ueKe L) =14)20010501,%01

501 CUMG (UK ) Ze006h660666

20ul CONT L WUE

< CONT L1WLE
aRlTe(oelul)

WhiTo (6e104)

UG/ usZ2ei

UG 7 n=101

vlzd=}

K1SK=}]

Wity (oelUl) J12K1o (CONMG(Jenr ) eIz=102)
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45

40
41
40U

be

wh
4ebs
44

9
10

46
47
460

by

49

499
892

493
494

495
1c

aue

C\JiJTlivUﬁ
UL b w=2 eV
UL ¢ on=1¢1l

JO & =12

STA({';-(')

START =1

X(1L)soTART* (06 (LUrKe 1))
G 9 L=le2

Aldrnes )= (Be*PI*RAHXTOXKCK) /Z(RI*X (L) %X (L))
BlJdeKe L) Te5*PI*SQRT(A(JsKo 1))
IF(A(JrKeI)=14)40041040

C2z2..%%x28

IF(e(ueKe1)=C2)4000,302,302
CELC(ueKe 1)1+ (PI*PI*GAMXGAM) /64

LU Ty 42

DELUGUrKe D) Zhet ((PIR(ACIIKII) *¥%(34/24) ) %GAMXGAM)/ (1Oe*x (1o=(A(Jrnr.
1))/ TANIE(JIK» 1))

C(urKe I)ZSORT (ABS(DELO(UPKe 1))

Uldrre L) (C(JrKp D)) *(SIN(B(JrKe1)))

IF (Ao (0DGJeRrel))=1e)830u4304844
STARTZSTART=o

Ir (STRRTIL259425045
COMG(urKr1)=e33333333

LO Tu 20Le2

FlJdine I)ZPI-ASIN(UCJIIK 1))
DETA(UeKeI)S (2o /PIYX(F(JrKel))
F1(L)=(OMG(UrKe 1) I/ (ABS(RETA(JIKeI)))
x(L+l)=F1(L)
A(3)=(XC1)*FL1(2)=Xx{(2)#F1(1))/(X(1)=F1(1)=X(2)+F1(2))
A(UrKeI)Z (o *PIAR*H*TO*CK) /(RI*X(3)%X(3))
B JrRKe )T eB*PI*SQRT(A(JUIKe 1))
IF(A(UrK L) =1.)U460247146

Cezg.x*28

IF(u(ueKel)=C2)46004020402
DELO(JrKe I )Tl e+ (PI*PI*GAMXGAM) /64,

00O Tu 48
DELO(UrKrI)Zl o ¢ ((PI*(A(JrKoI)%%(34/20))*GAMXGAM) /(16e%(Lo~=(Aldrrry
I/ TAN(s(urKe D))

Clurh e I)=SAKT (ABS(DELO(JrK»I)))

C(JrKe I)S(C LUK D)) (SIN(B(JIK»I)))
IF(ApS(DIJrKe L)) =1e)49049,12

F(Urhe 1)ZPI=ASIN(O(JIKP 1))
GETA(UrKr IS /PI)#{F(UJeKeI))
F1(3)=(OMG(urrne 1))/ (ABS(BETA(JrKke1)))
U1=a(3)=Fr1(3)

IF (A (X(3))=1000,)490 594494
[IF(AGS(X(3))=1004)492,4931490

Cl=.uul

oU To 495

Ll:OU&

GG Tu 465

Cl=.i

P aps(Ul)=Cl)llellell

A{L)zZA(R)

Fl1(l)=F1(2)

A(2)YzA(3)

Fi(2)=F1(3)

STARKTLESTARITLI+],.
IF(START1I=1UUU)10010y202

A(deRe 1) (8 *¥PIXR*H*TO*CK) / (RIXX(3) %X (3))
IF(A(UIKeD)=1.0)430+502,502

--
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430 Blusns» L) T {8 exr 1 *«R*14%TO¥CK ) /(KI)
Clurrn e DI ZSARTB(JeKe 1))
Ciz,ul
TP (Ao (ClUrke 1) =X(3))=C2)U31ou31,632
451 COMG(UurKr 1) ZesBRE8688
GG Tu 2002
Boe COMG(UrKeI)zei1111111
oU Tu 2uug
due COMG(JeKeI)ze 77727777
GO Tu 2002
402 COMG(urKr1)=499949999
LC Tu 2002
i1 COMO(Ur K I)ZARS(X(3))
IF (ii(d'K'I)'lo )2U029502'502
Sue COML(JIK el ) 2466660606
200¢ CONTINUE
o CUNT LiUE
whiTe(oel01)
WRITE(B62109)
DU LY J=egeM
wG 19 K=1»l
vi=J=y
Kl1ZKej
WRITL (6r10g) J1wK1» (COMOIJIKe[)eIz=112)
13 CONT UL
20U lu JZZe M
LU iy K=1.1
w0 14 I=1e2
STAK]..ol
STA?"‘l:ln
55 X(L)=START* (06 (JdeKe 1))
LO 1L L=1ee
AldrKe DI (Be*iFIxR*¥HATOX K ) /(RIxX(L)%X(L))
Uldrh e I)Zo5*P [ *xSQRT(A(UWK 1))
IF (A (urKeI)=14)50051950

ou Cez2.x*286
IF(u(urKeI)=(2)500+303,303

51 CELOUGurKe )l o+ (PI*PI*GANXGAN) /64,
0O Ty 52

50U VELC(UeKe IIZLlo+ C(PIX(A(JrKeI )% (34/2¢)) %xGAMXGAM) / (16ex (1 e=(A(JrKr i
1)))) ) /7TANCB(JPKe 1))
¥4 Clurk» 1)=SART (ARSIDELO(JeKeI1)))
UGJdon e I)Z(C(UU» Ko D)) (SIN(B(JeK»I)))
i¥ (AU)(D(J'?\'i‘))"10)53'53'54
o4 START=START+4 1
IF(START=1.0)550550525
25 CUMGIUrKeI)Ze33333333
bu Tu 2003
o) Flurn o I)ZASINID(JIK,I))
B Thu(ueKe )z leo/PLY*¥(F(JeKe 1))
FLilL)z(OMG(Urk o 1))/ (ABS(Le=~BLTA(JIK»1)))
15 A+ )=H1(L)
lo XA Z(X(L)*r L(2)=X(2)*%F1 (1)) /(X (1)=F1l(l)=X(2)+F1(2))
BAlurh e L) (8o %P ITRR*HATORCK )/ (KI*xX(3)%X(3))
Bldone 1) oH*xPI#SQRT(A(JeKe D))
I (A(UrKe L) =14)56057 096

bb Ck’:(o**a&
IF (UKo 1)=C2)56004039403

57 DELO (UK e 1) 2l e+ (PI*PIXGANXGAM) /64 o
CU Tu Y8

Lol UL LO(Ur Ko D)2l e+ ((PLI*(A(JeK L) *%(34/24) ) %GAMKGAM) /(lbex(1a~{A{UrKr L
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1YYy /i Al (ueKe 1))
Hb Clurny L) ZSun T (ARSGLELO(JeKe 1) ))

UG sKe IDZ(C(UeKp D)) (ST (BE(JrKe 1) ))

IF (AL DIJene 41 1=16158,59: 18
Y Flurky L)IZASTINIDCGIeK 1))

ULIH(QIK'I);‘(JQ/PI)*(F(\J'K'I))

F1(3)=(OMO(urKe D)) /Z(ABS(Le=BETA(JPKe1)))

UD1=X(9)=F1(0)

IFCaps(X(3))1=10004)59095949594
©90 IF (ABS(X(3))=100)592¢5930593
592 Cl=.0ul

GO Tu B9H
Y93 Cl=z.ui

LG Tu 599
o594 Cl=.s
595 IFass(D1)=Cl)17017018
ls A{l)=all)

Fl1(l)=F1(2)

A2)=A(3)

Flig)=F1(3)

STARTL=STARTL1+1,

IF(STARKT1=10GUW)169160203
203 ACdrKe L)Z (8o %P T*R*H*TO®CK) / (RI*X(3) %X (3))

IF(a(urKe1)=1.,0)530+503,503
530 Bldrke I)S(Be*FP I *ReHXTOXCK) /(KI)

Clurk e I)ZSAKTIB(JIK, 1))

C3=,ut

IF(ARSICIJrk e I)=X(3))=C3)53195310532
231 COMG (UK 1)=458868888

LU Tu 2003

bo 3 72 COMG(uUrKel)ze11111111
LU Tu 2003

303 COMG (U ke )= 7777777
vU Ty 2003

403 COMG(JrKr [) 24939999999
Gu Tu 2003

17 CUM(;(QOK'I):AL'S(X(-S))

IF (A (UrKe1)=14)2003¢5(33,503
Y03 LCOMG(urKrl )z epb606066
2003  (COnTLisUE
14 («UN-'LNUE

WhITo(60101)

Weei T (6 lU6)

Ly 1y Jz2eM

UG 1y KZ=1.1

Jizi=

?‘\l:K-'*

WRITL (Be10g) JLoKLy (COMG(Jrnr L) e1l=102)
19 ConT LUk

wWkaTe (60101)

wixiTe (60107)

wikiTe (690101)

whiTe (60108)

LU 20 J=2eM

LU ¢y K=lel

v U cu [=102

COMG (UK L) UG (UrKe 1)
P4 COINT LinUE

LU 21 JzZ2eM

LU 21 K=1e1

JiZde)
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el

6u
ol
buu

oe

o4

b

03

23
ey

06
67
obu

o8

oY

oSl
09
093
o094

095
2o

“1lin~}

AT (orlUg) J1eR1o (COMGIdene L) el=102)
CONT LivUE

VO 22 Jd=leiv

LG 2¢ K=101

UG Ze IZ1e2

STHt\’-l:ob

STIARIL:IQ

AKCL)=START*(OMG LK T))

UG 235 L=ls2
A(d'h-I)Z(Bo*PI*R*H*TO*CK)/(HI*X(L)*X(L))
BlJeR e 1) S 5*%PI*SQRT(A(UIK 1))
IFCA(JIK L) =1a)60001060

(2= x*x208

IF G (urKe L) =C2) 6000304, 304

UELU (e Ko 1) Z1 o+ (PI*PIXGAMXGAN ) /64 o

v Tu b2
uLLU&JoK:l):lo*((Pl*(A(JleI)**(3./2.))*GAM*GAM)/(lb.*(l.-(ﬂ(ucK'x
1)) )/ TAN(B (UK e 1))

Clurk e 1) =SOKT (ABSIDELO(JrKe1)))

UlUrKe D)Z(ClUrKe D)) *(SINIB(JIKI1)))

IFauL (0(Urnes 1) )=14)63063064

STANTZSTAKT=.

IFASTARTI 6250625165

COMG(UrK21)=Z,33333333

oG Tu 2004

FUdorny D)ZPI=ASINID(JrKe 1))
LETA(UrK» 1) (2o /PI)*(F(JeKol))
FLIL)Z(OMO(urKe 1))/ (ABS(=1e*(BETA(JrKeI))))
X(L+p)=F1(L)
x(o):(x(l)*F1(2)~X(2)*F1(l))/(X(l)-Fl(l)-X(2)+F1(2))
AlUrsr e L) (B #P T *RAH*TOXCK) /(KI*X(3)%X(3))
Sldrne L) ZeSxPLxSQRT(A(UIKPI))
IF(A(UrKr 1) =14)66r6T7166

Cezz.x%28

IF G (UrKe1)=C2)6600 404404
DELU(UrKr D) Sl e+ (PI*PI*GAMK*GAM) /64 o

GO Tu 68
UELO(Q;KuI):l.+((PI*(A(JOKOI)**(3./2.))*GAM*GAM)/(IG-*(I.—(ﬂ(derL

1)))))/TANCB(JeKe 1))

ClUrn e 1) =SOGRT(ABS(UELO(JrKe1)))
Dldek s 1) Z(CUUrK D)) *(SIN(B(JIK»1)))
IF(nuolO(Urke i) )=14)690169026
FUldek e I)ZPI=ASIN(D(JIKP 1))
bela(ueKel)Z (2o /PI)X(F(JrK?I))
FLOS)Z(OMGLOrn e I) )/ (ABS (=1 % (BETA(JIKP1))))
LIsx(3)=F1(%)
lF(HQJ(X(b))‘1000.)6900F9“1694
LEGhp o X(3))=1006)692+69%0699
Clz,uul
o0 Ty oYh
Cl:o Jl
oG Tou 69Y
Ciz.,
LECAGL (L1 =Cl) 25029026
AlL)za(2)
F1(1)=F1¢(p2)
x(2)zal3)
Fl(g)zF1(3)
START1I=STAKIL+1.
IF(STARTLI=1000e) 240249204
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cu4

oS0

Ldi
032
S04
404
€5

S04

200y
ee

e?

28

29

AU i) (0 *PTAR¥HATORCK) / (kI %X (3)*X(3))
IV (A (urKe D) =1.0)030,504,504
ek e I Z (B ¥ P T #R*R*TOX(K) /(R])
Clurk e IIZSURT IR (JeKY 1))

(.5;.\11

IF CAG L(CUJdrRr i) =X(3))=C3)0631r6310032
CCMG(urKr 1)z en8848888

ou Tu 20Uy
COMGIJeKeI)zell111111

oG Ty 2004

COMG(UeKe1)Ze 77777777

6o Tu 2004

COMG (UK 1) 2499999999

GG Tu 20ub
CumMu(ourKeI)zALS(X(3))
IF(A(UeRKel)=1a)20049504,504
CUMG(wrKe 1) Zets6660060

CONT 1NUE

CCivt 1t

ARiT _(belUl)

wielTe (60109)

LU g7 Jd=2M

LC ¢7 K=Z1»1

Jl=su=,

Kl1oK=y

Wl T (6010c) J1eK1o (COMG(JrreI)pI=102)
CUNT 1wlE

LG cu b= e M

bu 2o K=1el

UG 2o 13l

COMU (UK I)ZUNG(JeKe T)

(,ON.] iuUE

WwhlTe (6e101)

wHiTe (6r110)

UG 29 J=2etv

c0 ¢y KzZ1l»1

Wisd=-y

St

WhITL (6010g) J1oKLe (COMG(JIR2 L) 9p1=102)
CONT InUE

akiTe (oel0l)

wikiTe (Be111)

e TU’(H

tivu
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WALA CONTRACT NASE=1129% (LOWGITUUINAL VIPKATION RELEARCEH)
SULRULTINE Fon UNSTABLE VALULS OF THRUST FREQUENCYr EGUATIO . (o).
CONSTUBRATIUIN OF 9 CASES (3 iNADMISSIBLE), INVOLVING 126G VALLIES,
SUBRUUTING UNSTUH(PIsRsHyTOICAoRI s GAMIOMG,M, i)

JImbingION 0%0(20'2003)oCOMG(dOvZOv3)oA(zU;2003)pU(ZOOZOaS)vWELU&db
lcﬁUvj)vC(ZGvCOvS)vU(ZU:ZUrS)vF(20r20'3)oBETA(2Op2093)'BFTA12(20pdu
Ce3)eF i (B)eX(4)

FORMA | (20X»bUHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY Fu
Ik BEGUATION (89)» RAD PER SECer//704X02HJ, 044X 0 2HK, 18Xy LOHCOMEGA (1)
SQlUXr»LUHCOMEGA (2)e/7)

FORMA L (2190 cE2048/77)

FORb AT (1OXe 7TOMFIRST CASE, LUWER CASE M EQUAL 1, LOWEK CASE N Euun
1L ir (CASEL iWOT AUMISSIBLE)ee//77)

Fortad (10XyHoHSECOND CASEs LOWER CASE M EQUAL 2+ LOWER CASE N cwb
1AL 1e/7)

FORMAT (LUXeHOHTHIRD CAGEs LUWER CASE M EQUAL 3, LOWER CASE w EwuUA
e Lez/)

FOrEAT (LUXeH50HFOURTH CASEs LOWER CASE » EQUAL 1 LOWER CASE W teu
AL /7))

FORMAT (LOX27oHFIFTH CASE» LUWER CASE M EQUAL 2, LOVER CASE N EwuA
1L «r (CASE NOT ADMISSIBLE) e/ //7)

FORIaT (1uXeDOHSIXTH CASEr LUWER CASE M EQUAL 3, LOWER CASE N Ewua
1L 2v/7)

FORY Al (LOXeS7HSEVENTH CASEr LOWER CASE M EWUAL 1, LOWER CASE N cu
LUAL Se/77)

FOrt AT (10UX9sHoHEIGHTH CASEs LOWER CASE M EQUAL 2+ LCWER CASE N [ XOY]
lae 5e/7)

PORE Al (1OX» 7oHNINTH CASE» LUWER CASE M £QUAL 3, LOWER CASE w EwuA
1L o (CASE wWOT ADMISSIBLE)er//7)

UL 1 w=lewm

LU 1 nZ1leN

U0 1 =13

COMG(urKel)zU,0

CUNT i1WUE

Ul ¢ uS2eM

JUu & K=1lrel

Ll 2 i=le2

COMU(UrKr1)ZUMG (UK 1)

CONT L HUE

welTe (60101)

Wil (6e1lUy)

whlle $oelCl)
wiTe (0el04)
Uy S us2eV
UGS W=l
vizu=-}
L= Y
MelTo (BellUg) J1eK1lo(CCUGlJrnsl)yIz1e2)
COUNT 4 UE
VIV
wU b nZ=lel
it 4 1Zleg
COMG(wrKr 1)z e ¥ (OMG(JPK, 1))
COuNT ;»\UE
Wlic (oelU))
Wi T o (6e1u9H)
LU H us2riv
LU Y n=lel
Jl1=sd=
44



[63

35

U
31
300

3¢

sS4
325
33

36
37
Sou

Sb

39

N =

wind T (oellOg) J1eK1e (COIG(drne i) oi=102)
Cuivt §i Ut

LU o JZ2eV

VIAECEE S !

LU L o 1=le2

CuMLiusK e 1) zONGLdeKe 1)

COnT LUE

witdTe (orlul)

Wil (o0l0w)

UG 7 w=2eM

ue 7 n=lel

Jizd=j

KlSh=,

wrlTe (Brlue) J1eKLo(COMG(Jrne i) o1=102)
C(}S‘VT la.UE

wirdTe (orlll)

AndTe (bel07)

LG us2eN

Lu ¢ n=lel

LU o 1=leg

STAH];.I

STARRTLI=L.

A(L)SoTARKT*#(UrG(JdeKe 1))

LU Y9 =12

Blders 1)t o kb TRR*®TOXRCK) Z(RIXX (L) %X (L))
BldrKe L) ZeH*P I *SURT(A(UIKPI))
IF(aldeKel)=14)30031030

('2:2.**28

IF(s(UrKe1)=C2)3000301,301
GELGLUrKe 1) ZL o+ (PIXPI®GAMKXGAM) /OH o

LC Tu 32
UELO(J!K&I)21.+((PI*(A(J'K'I)**(SQ/Zo))*GAM*GAM)/(IG-*(I-—(L(dvktl
)Yy /TALIB (G K9 1))

C(Jrrs I)=SORT(ABS(DELO(JeK1)))
UurRe1)Z(ClUrKe L)) #(STIH(BIJIKI)))

IF (npo (U(JdeRr £))=14)33033034
START=START+.1

IF(STaRT=1.0)3590350325
COMGLurKr» 1) =033333333

00 Tu 200Ul

Fldehe I)=ASINID(JIKY 1))

st TaturKeI)Z(co/PLY*(F (UK 1))
FL(L)=(OMO(UrRe 1))/ (ABS(L+BETA(JIKo L))
AlL+i)=F1L)
A(j):(X(l)*kl(Z)-A(2)*F1(1))/(A(l)*Fl(l)—X(2)+F1(2))
AlUrke 1) (B ¥P T¥R*H*¥TOXCK )/ (KIRX(3)*X(3))
G lurKr 1) Zeo*P1¥SORT(A(UIKII))
iF(a(urKel)=14)30037036

CeTee¥*20

IF (. (urKeI)=CLe) 300,401,001
UELO(UrKeI)Zi o+ (PI*PI*GAMXGAN) /64

v Tu 38
ULLU(urKoI):1.+((PI*(ﬂ(d'KoI)**(S./Z-))*GAM*GAM)/(lco*(lo-(f(doer
)XY/ TAN(EB(UPKe L))

Clurky I)ZSURT (ARSIDELO(JrKe 1))

UlusRe 1) (C(UrKp D) )2 (SIH (3 (JdeKe1)))

IF (Ao lUGJdrkei))=14)39939012
FlusKe1)ZASIN(D(JeKe 1))
BETA(UrKe D)= (e /PL)X(F(UrKe L))
rl‘b)Z(OMG(urKvI))/(ABS(lc*BLTA(JoKoI)))
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QYU
29

Q.

394
395
ie

<l

330

531
S3e
S0l
Gul
il

oul
cQul

i3

i4

‘/l:A(,J)-Fl(\‘Jl
LEAGLGAL3) )=10004) 390 3G40 394
Ik CAuL(X(3)1-1004) 59203530390
Cizouul

VO Ty 595

Clz.u.

GO Tu 345

Cl=,1

IF (AL (1) =Cli1lellel2
xll)zale)

Fitl)zkFi(2)

£(2)zX(3)

Fl(e)=FL1(3)

START  =ZSTARTL+1,
IF(STARTLI=10uU) 100109201

Aldrh s D)2 (8 ¥P Tk ktxTORCK) /(RT*X(S5)%X(3))
I (AU Ko I)=1.0)3301501,501
Bldrne I)Z (8o ¥ IRkR*¥HXTOXCK) /(R])
ClUrR 1) ZSQARTIB(JIK»I))

Cé‘:-Ui

IF (AL (CIJdrKe L) =X(3))=C3)331+1331,332
COMU(urKeI)=438888188

GO Tu 2001
CUMU(QOK'I)Z.llllllll

GG TU 20Ul
COMU(WrKe D)=, 77727777

L0 Ty 2001

COMG (UK 1) zZ4499999999

GU Tu 2uul
COMOLurKe 1) ZASSI(X(3))
IF(a(urKel)=14)20010501,%01
COUME (UK 1)z 06666066

CONT LIWUE

CONT 1HWE

CwikiTo(eel01)

Wil (60108)
Ul 13 Jdz=2oM
UGC 13 K=1.1

Jizsd=,

KiZK=y

WHITL (60102) J1eK1o (COMG(JoheL)sI=102)
CunTti, Ut

Ul 1w J=ge M

LG la KZlel

O 1y IZ1e2

COLG Ky T2, 5% (OML(JeKka 1))

\.C«HT AnUE_

Mli_(oelul)

Wiedlo 60109
JO 1w =2
vl 1o K=l

YiZu=j

f\l:h"a.

Wil (orlUg) J1rKLp(COMGIJone () s Iz=1r2)
COisT . Ut

LU Lo W=

JU lu K10l
VL Lo dz1.2
STAN];Ql
51 Af’ ‘ L:lo

XK{L) =L TART S (UG lUeKe 1))
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Jo 17 L=le2
Alorre I) T (o kP IRRNKHXTOHCK )/ (R TxX(L)Y*X(L))
Bldens LI ZTehxP [¥SOGRTIAGUIKT)
IFtAGLueKe )=o) UUrdleb40d
' Cozpekhdts
IF (e (ue K 1) =C2)B00r 3020302
41 UELUGJIRK eI )l o v {PLAPIECAMXGANM) fu .
LU TU &2
YUy DELC(urKeI)=le+ ((PLI*(A(JrKpI)®%x(3,/720) ) xGAM¥GAM) /(1,0 (1le=~(A(urnr
1)) )Y /7TAN(B(JeKe 1))
4¢ Cldrrny I)ZSQARTIABS(DELO (UK 1)) )
D(JrR IS iClUeRe I} I #{SINHIJeK2aT)))
IF (R (O(Jdrke L)) =1e)U3043084
“iy STANTZSTAKT+. 1
It (ST RT=1a0)45e450 425
45 CurGlurhr 1) 2 e 3333558535
wu Ty 2uuZ
4o Flurns I)ZASi(u(urke 1))
Ot intlurKel)Z(eo/PL)¥(F(JeKe 1))
FifL)pmlUMO(urns 1) I/ (ABS (14 TA(SrKeI)))
i Alesp)=F1iL)
1y X)X (1) L (2)=X(2)%F 1 (1)) /(A (L)=Fl(l)=X(2)+F1(2))
AlJdra s 1) (Be ¥ I xR*1*TO*CK)/(RI*X(3) %X (3))
BlJdrns I) o 5%PI*xSART(A(UPK e L))
IF(A(UrK eI )=1l)U4004T7 046

Yo Ceseer*d
IF (i (urkes 1 )=C2)46004020402

by DELU (UK 1) ZL o+ (PI*PIXGAMRGANM) /bl o
CCG Tu 48

dou LLLU LU K e D) Zh e+ ((PLIx(ACUIKp L) %R % (36/20) ) xGAMXGAM) / (1oe*(1e=(2(urnrd
D)))))/7TAIIB(JrKe 1))
44 ClJrh» 1) ZSART (ABSIDELC(J K2 1))
UGk D)Z(C UKo D) (S1E (B3 (Je K1) ))
IF (o (CGJdane i) )=1.)890449920
4 FOJar e I)ZASIRID(UIKeI))
Bt 1A(oeKe )z (oo /PI)*(F(JrKe1))
F1()=(CMG(urheI) )/ (ABS(1.+BETA(JIKeI)))
UIZA(O)=F1(0)
P (AR CR(3))=1000 0490, 4,94 0494
“90 IF (i (X (3))=1006)4929,40230490
492 Clz.uul
CC 1L 895
493 Ciz.ul
OC To 4495
L34 Ciz.es
495 IF G ul)=e1)119019020
<u x(i)za(2)
Fl(l)=F1l(2)
Ale)rzald)
Filg)=F1(3)
STArT L=5TARTLI+1.
IF (r_)lnHTl"lUUo)l&' l()':?.(‘e
cdue ACurn s 1) Z(8e*PTxR¥1RTOFK)/ (RI®XX(3)%xX(3))
IF (A (UrKel)=1.0)48430e502,502
Lay BlOrrn e ) (8o *? TxkR*¥H¥TOX(K)/(R])
‘ Clurr s 1) ZSQRT(B(JeK» 1))
C3=.us
IF (oo (Cldere 1) =X(3))=Cr)10431e43]1 0432
G4l COMU(urK» 1) Z.88888888
GG Tu 2002
43¢ COMU(uUrKeI)zel1111111
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Jue

bue

oue
2002
lo

ol Tu cluie

COMu (e Ko 1)z 77777777

GC Tu 2002

COMO(wrKr1)Z499999999

GC Tu c0ue

COMUUrKe I ) ZaisS(X(3))
IF{Aaf{urRe)=14)2002¢502,502

CUMU (UK )2 e066060066

CONT Uk

CUNT iNUE
WHITE (60101)
Whidg (orllud
V0 ¢l J=eM
JO 21 K=1»1
J1sd=

KISKe,

Wikd T (oelUg)
CUNT 1isUR
whaTe (£el04L)
wilTe (eellaid
R T U

Eru

JIeKLe (COMG(drnrni)yl=102)
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FiR l;.\t)‘ v

HASH CONTRACT MASE=1125% (LOWGITUUINAL VIBAATION RELEARCH)
SUBhUUTINE FU UNSTABLE VALUES OF THRUST FREQUENCY» EQUATIOC! (ou).
CUNSLUERATIGN OF THREE (3) CASESe INVOLVING 64 VALU: S.

SULRUGTINE UNSTS (PIolkotinTOr KoRIrGAMIONMGsMeN)

OIMenaION OMO(2002003) s COMG(0s2003) 0 A(20G02003) 583020020031 90F LUy
1rcUrd)rCl2002003)00(2002003) 0F(2002003) 0 BETAC20,2003)9F1(4) 09X (%)
FCR™MA L (20XrbUHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY Fu
1K EWUATION (80)s RAD PER SEC.s//14X02HJ, 14X e 2HK, 18Xy 10HCOMEGA (1)

SlUALuHCOMEGH (214//)

FOrtar (215, 2E20.8//7)

FURMAL (QUXPAIHFIRST CASEs LUWER CASE M EQUAL 1,0//7)
FURV g (20X 0 34HSECOND CASEr LOWER CASE M FQUAL 2e97/)
FOxinay (20X 0SHMTHIKD CASELe LUWER CASE M EQUAL 3,9//7)
UG 1 W=l

UL 1 L Tloepy

O Y

C\"’"'\/’(\J'K'l)zboo

CLWTI.\;UL

UL ¢ w=2e¥

UL ¢ n=1r1l

Ul ¢ 1=1re2

STA".{-’.’.l

51}“\[L:lo

ACLIZoTART*(UimG(JdeKe 1))

LDC o w=lee

ACUrRh o L) (64 P T RR*HXTOXCK) Z (IxX (L) %X (L))

BUJrKs L) ZeH#P [¥SART(A(UPKI))

I CA(GrKe I )=l o) 30031930

Ceccox*2y

IF(UtueKe1)=C2) 30003010301

VELU (v Ko D)2 o+ (PI*PI*GAM®XGANM) /61 o

00 Tu 3¢

DECUGUrKr ISl o+ ((PLI* (A(JrKoa 1) *%(34/20) ) xGAMRGAM) /(160 %k (Loe=(5(Urnred
LII)) /TNl lUrKe i))

ClUrns 1) ZSGr T (ABS(DELO(JIK e I)))

Divrkp I1=(CHUr Ko 1)) *(SIN(B(JrKI)))
IFCAGLUGden e L)) =14) 33033, 34

START=START+. 1

IT (STaRT=1,u) 350350325

COMGlUrK 1) Z 33333333

G To clul

FlUrk e 1) ZASEINID(JrKeI))
BETA(UrK L)oo /PL)YR(F(JeKe 1))
FLIL)Z(OMO(UrK eI/ (24=RETA(UIKPI))

X(L+ii=F1(L)

XKEO) = X (L) * L(2)=X(2)%F 1 (1)) /7 (X(1)=F1(1)=X(2)+F1(2))
ACUrRp L) S{Ea¥PIHR*HATOFCK) /(RI*X(3)%X(3))

BlurR s L) T %P I¥SGRT (A (UrKe 1))

Lt (A lUr Ko L) =1 ) 36037036

Cez2ex*cl8

IF (G (Ko 1) =(2) 360,401,401

ELG(Or Ko L)l o+ (PLAPIXGANEGAM) /64

GG Tu 38

DELUGGLr R e D)2l o 4 ((PL# (A (UKo 1) %% (30/72¢) ) 4GAMKGAM) /(16 0% (1e=(S(urnta

1)) V) /TANMB(GPKe L))

Clurk s IZSART (ABSIDELO(JrKPI)))
DUrr o D) Z{CCUrk e D)) (STR(UGJIKIT) ))
IF (AL O(dene [))=14)39¢3946

FOJrr e IDIZASiNn(D(UIK» 1))
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N>



SYu
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393

Y94
395

cul

SOV

931
33
dul

4ul

oul
20U}l

ey

£
c
<

£
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Fl(J)Z(OMu(uvnvI))/(2.—LETA(U'KOI))
1A (o)=F1(s)
IP(Aug(X(J))-lGOU.)§90vﬂ94-ﬁ$Q

IF Chn L (X(3))=100. 13920343939,
Clz.uul

GU T 3uys

Cl:o\J.L

GO Tu 34Y

Clzol

IF(hg L (U1)=C1)5¢e506

X{l)znie?

F1(1)=Fl(2)

X(2)zA ()

Fl(2)=F1(3)

START (ZSTARTLI+]1,

Lr (ST ARTLI=10uU) 4040201

Alurn s D)2 (e #PTHR*HRTOXCK) / (RT %X (5) %X (3) )
Ii(h(uvaI)-l.U)JJUoSOl.bUl

Blorn s I)Z (60 ¥R TRR*HXTO¥CK) / (R1)
Clurn s 1) =SORTIB (UK, 1))

LJ:.UL
IF(»UJ(C(Jrh'i)-X(ﬁ))'C3)33103510332
CQMQ(UOKVI)Z-G8888888

00 Tu 2001

COMC(weKeI)=ol1111111

VL Tu 2001

C()'V}U(V'K' I ):—.77777777

CU Ty 20Ul

ComiviwrKel)=499999999

OC TV 20Ul

COMULLIK e I)za5(4(3))
1#(h(unKvl)-l.)2U01'5010501
CUMU(u'K'I):Qoﬁbébébﬁ

CONT LivUE

CONT 41 UL

WeiTLtoelU1)

WellTe (00103)

DC 7 u=20N

Ul 7 n=101

J1Zd~;

Kl:f\"L

Whiile (nrlue) JIvKL» (COMGGJrne i) 0 1=102)
Cunit e

DO ¢ wz=2aei

[ NS

Ul v (=le2

STA- I1<e0

SThaicj1=1,

XCL)ZoTART* (UnGlJrKe 1))

vl % =1
A(u.n.I):(3.*PI*H*H*TU*CK)/(ni*X(L)*x(L))
U(uohoI):.S*PI*S&RT(A(JvKOI))

PG (e KoL) =1, 04041940

CoZe o2
IF(w(uoK'I)-La)QUUv$UZv302
DELb(u'hcl):L.+(PI*PI*GﬁW*GAM)/6Ho
U Tu bL¢

UtLutuvK'I):1.+((PI*(R(JvaI)**(é./2.))*bAM*Gh

1)) )/ TAal(BlUIKe 1))
Cldrns1)=9and (ABS(DELO(JUrKe1)))
DCurn s T (CUU K 1)) % (ST (Hl(deKeI)))
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it (]%;_,H)(-J'noi.))‘l')“;‘)'l#:ﬁv““#

Ly ST 1 29TiarT=e 1
It (51T 420ra25 045

45 COMuo(ueKrl )z e 53333533
U 1o 2ube

- FlorKe I)ZPI=nsIii(UlderKe 1))

Bt ia(uwrKrl )zl e/PL)#(F(JeKeI))
FIiL)=(OMO UK e 1)) /Z{BETA(JeKe 1))

P X(u+l)=F1(L)

10 X3z (X(1) % 1(2)=X(2)*F1 (1)) /7 (X(1)=F1(1)=X(2)+F1(2))
ACUrres 1) (B *¥PIxR*¥HXTOXCK)/(RKI*X(3)%xX(3))
BldrReIITeo*xPI+CQRTIA(C S, K] )

I CGilueK el )=l )lU4be4 7046

o Cozio+%248
IF G (ueKrl)=C2) 40004020402

W7 UbLU(U K1) 2l o+ (PI*X I %GAMXGAM) /64 4
G Ty &

Sl DELO (UKo D) Zle v ((PLR(A(UIK T ) * % (34/26) ) %xGAMXGAM) / (1oex(Lle=(A(Jrnr,
1)0))))/7TARN(B(UeKe L))
L33 Clurk ey D) =SART(ABRSIDELC(JrKe 1)) )

Ulurkpy I)Z(C UKo 1)) > (STINE(JIKPID)))

I (nos(U(derne ) )=1:)49049912
by FUJderns 1)ZPI=ASIN(D(JrKPT))

Bt fA(UeKeI)Z 2o /PI)*(F(JeKeI))

F1iD)=(O0MO(UeKe I} )/ (BETA(JIK]))

Ulza(s)=Fl(y)

I Capo(X(3))=1000)480,u94% 0494
49y IF (Ao (X(3))=100e049204930490
492 Cl;.uul

GC 1o 49y
Lo Cl=.ui

ol Tu 495
494 Cl=. i
L9 IF(aps(D1)=Ci)1llrllel2
le x(L)zale)

Fi1(1)=F1(2)

X(2)z=ald)

F1(2)zF1(3)

STAKTiI=STARIL+1,

It (START1=10U0.)10010,202
cul ACJrR s L) (B ¥PI*R*H*TOXCK) /(I*X(3)%X(3))
IFCA(LeKrI)=1,0)8430,502,502
Bluen s D)6 xPI¥R*H*TOX*CK) /(1)
ClJdeKe D) ZSQRT3(JIKY 1))

C:ﬁ;-ul
IF (npo(Cldrre 1) =X(3))=C2)43192431 0432
431 CuMuiurKel)ze388884388

we To 2ul2
432 Cemo(urKeI)zoelll111111

v Tu 20ue2
Sue ClMe (W R )= 77777777

Gu To 2Uu2
40 CuMUiweKel)Z2e99999999

UG Tu 20ue
11 COUML (WK I)ZALS(A(3))

Q Ir (A(urrel )=l 2200205020502
e CeMg(wrKrI)Zep06606660
200z  CoiNT inbLL
b CUNT LUk
wilTe (oel01)
WHiTe (oel(4)

+~
(#5
S
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LU
o1
olUv

ol

oeS

29

i5
lb

X1V
DY

AYIN

095
lad

WhilTe (oellz) JleK1» (COMOG(JoRpI) e I=102)
CCind Ll

DU lg uZ2e v

Ul 14 RZle1l

DU 14 I=l.2

STARTzel

STARKTLI=1.

X(L)SSTART*(OMG(JoKe 1))

UC 1h LZleZ

AlUrKp DSB8 kP IT*R*¥HATO*CK) /(K I %X (L) *X (L))
BlGrn o 1) Za5%xP [ ¥SURT(A(UIKI 1))

IF Ca(ueKeI)=14)500e51 050

LZ:Z"*Za

IF (et KeI)=Ce)U00 303,303
ULLU(U'K'I):l.*(PI*PI*GAM*GAN)/bqo

oU Tu He
UKLU(U'K'I):l.*((Pl*(h(deoI)**(S./Z.))*GAM*GAM)/(lb-*(1-~(&(d'h'l

1))/ TAHtB(UIKe L))

COUrny I ZSGRT(ABS(UDELO(JsKe 1)) )
D(JIK'I):(C(UvKOI))*(S]N(U(JOK'I)))
IF(he,(U(Urhe1 1)) =14)53053,54

STANTZSTAKT+. 4

IF (ST RT=1.00550550525

CQMU\Q'K'I):QJ3333335

eC Ty 2008

FlUrrn s IIZASINID(UrK 1))
BETA(GUrKr D) (goa/PL)*{F(JrKel))
FLIL)Z(OMO(UrKeI) ) /(2 +GBETA(GIKII))

X{u+)=F1(L)
X(J):(X(l)*rl(Z)-X(Z)*Fl(1))/(X(l)-Fl(l)—X(2)+F1(2))
AldrRo L) (Bo*PI*REHETOXCK) /(RI*X(3) %X (3))

BIJrK» D)o H%PL*SGRT(A(JIK 1))

Ib (A(UrK I )=1.)56057156

Cez2,x%x2y

IF (L (urKe 1) =(C2)5600403,403

ULLUG(UrK e 1)L o+ (PI*PI*GAMXGAM) /64 o

GO Tu 58
UtLU(u'KrI):l.*((Pl*(A(J'KvI)**(3./2o))*GAM*GAM)/(16.*(1.*(ﬂ(d'hrl

1)) ) /7TANIB(UIKI))

C(gehsl)ZSQH!(ﬂﬂS(UhLO(JvKiI)))
Didrr s I)=(ClUrKy 1)) *#(SIHI(B(JrKP 1) ))
IFChuolUlueme i) )=1.)59+59,18
FOJrno DIZASINID(UrKY 1))
BETA (UK D) (o /PL)*(F(JsKe 1))
FIO2)Z(OMO(UrR eI I/ (2 +FETACGIRS L))
WISA(L)=F1(2)
IF(HQQ(X(J))’100U0)5900594'53u
IF(AGQ(X($>)'1000)592'595!59J
Cl:.uul
6L 1o 9595
Cl:ou.k
GO Tu H95H
C1:-L
IFCALLOL)=C1)17017018
X(a)zatle)
Fl(l)z=Fl(2)
X{2)=a(3)
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Fite)ok1(3)
SThar ) i=STARKILYL,
It (S inRTI=1ude)lorlor 2ol
TR AlUrns 1) S(BexFPTRkR*HATOXFCK)/(RI+X(5)%X(3))
‘ IF(Aa(urKel)=1,0)58U¢503,%03
Y] ldrne L) (B xP I *R*HXTOX(K) /(1)
Clurne 1)28QRI(H(deRI1))
L5;'Ul
IF(apul(CldeRe L) =X(3))=C3)5319531,532
031 CuMuL(urK1l)z.38888888
GU Tu 2003

GO Tu 2003
SJud CoMu (Ko D)z 777277777
OO 1u 2003
Lud ComMic (wrRe 1) ze49999999
GU Ty 2Uud
i/ Ciumu{wrRerl)zZASS5(X(3))
Fia(uerkrl)=10)2003¢533,503
oud Culbc(urKrl)=e0bb6D0OOOO
<0y COnT it
ia Coiviant
Wil (oelOl)
whiip (bel02)
UL 19 J=2eM
DO 1, K=1el
JiZu=
Klokeg
wHiTe (6010g) JLeK1y (CONGUJPRP 1) 2 1=102)
14 Cont iUt
Ke. Uit
tiu
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Al
Wl
-

L

lul

lue
lud
lug

1es

a5

U
o1
SUu

v

£ O

16
Sol

S}3)

t ik Lai i(,_) ] »

HALGA CONTHRACT HASH=1125% (LONGITULINAL VIBRATION RESEARCE:)
SUuituLTIHE Fuit ONSTABLE VALLLS OF THRUST FREQUENCYs EQUATION (67).
CulbivbrATIU OF THREE (3) CasSeSe INVOLVING 900 VALUES.

SULRUUTINLG UNSTo (PLeRsHITOrCKeRI1GAMpOMG N pN)

UIMENSION OMO{2002U093) 9 CCMG(c0s2Ur3) pA(2002003),8(20602003) 9 Fvicy
1020031 0CL2U002U0r3)00(2002003)9F(2002003)2BETA(20,2003)9BETAL2(CUrcy
2r3) e (u) e Xy

FURMAy (20XeBUHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY Fyo
1R EwunTION (87)r RAD PER SECer//04Xe2HJ 0 X0 2HK, 18X 9 LGUHCCMEGA (1)
210X e JUHCOMEGA (2) 210X o 10HCOMEGA (3)e//)

FOhbai (21950 3E20.,87/7)

FOeivanf (20X2 33HFIRST CASEs LUWER CASE M EQUAL 140/7)

FUrint (20X» SUHSECOND C/ASEr LOWER CASE M EQUAL 2.0//)

FORMi (20X903HTHIRD CAGE, LUWER CASE M EQUAL 3,¢//)

WU 1 o o=l1leM

UL 1 nZ=1leN

UG 1 1=103

CumGlurhel)zu, 0

CoOt 1l

UC P VZZDM

LU ¢ n=2eN

LU ¢ 1=103

STAF‘;OI

STAH]L:lQ

XLL)YZoTART®(UNG(JrKy 1))

GG & =102

A(drn e I)Z{B#PIxR&HEXTOFCK) Z(RI*xX (L) %X (L))

BlJeKe I)Ze5*%PL2SART(A(JeK 1))

(Al UrKr1)=14)30031:30

CeZcoex®2b

IF (L (urKeI)=C2)300,301,301

DELC(UrK e L)l o+ (PI*PI*GAMXGANM) /64U

oG Tu 32

DELG(UrKeI)Zlo + ((PI*(A(JrKoI)4%(3¢/24) ) %xGAMXGAM) /(16 ex (Lo=( (Urnr i
Iy /7T7A B (JeKe L))

Clurn e 1)=SARTLABSIDELO(JIKPI)))

DlJrr s 1)=(CUUrKe 1)) (ST (JeKe1)))

IF (A (0idrns L)) =1:)33+33034

STAKT-S5TART+e1

IF (S ThRT=1eu) 390350325

CUVLIUIKe1)=Ze53333333

U T c0OUl

Flurk s IIZASINID(JPK, 1))

Bhia(orKe )z (ee/PL)X(F{JrKel))

BETAL (U KoL) Zox (e TA(JeKe 1))

FIeL)olOMGluek» 1))/ (1e=PETALc(UeK 1))

Alu+l)=F1(L)

XKEo)Z (X (1) % 1 (2)=Xx(2)*F 1 (L)) /7 (x (1) =FLl(1)=X(2)4F1(2))

AlUrn e 1) o ¥ T % R¥r1xTORCK ) Z (RKI*X (D) %X (3))

Blurrne i) ZTeH4«PI*SQRT(ACGJIKII))

IFCAa(urKeI)=ia) 30037036

CeTgonr*xly

IF (L (Ko I)=L2) 3004010401

DELU(woK e L)zl e+ (PI*PI®GANMXGAN) /6L

ol To 3¢

UblUtorKeI)Zle+ C(PLE(A(IIKo L) %% (5e/2¢) ) xGAMRXGAM) /(1o e¥(1e=( " (urnra
L)Yy /7TAn(B(JUrKel))

Clurk,y I)ZSunT(ABSIUDELC(UrKe1)))

Dlrne I)Z(ClUe Ko D)) ¥ (ST (BlJeKe I ))
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S9U

39e

343

SL
599

cvil

wou

291

332

oUd

4u1

01
c<uul

IF (ALLL(Jdrn? 1)) =1e)33 350
Fldeke IDITAGLRAD (DR, T))
Lk:’t."‘(\J'K’I):(CQ/PI)*(F(\J'K'I))
B 1 htelarKri)Zeo* (BETA(JIKII))
F1(3)=(UMG(urheI))/(1le=RETALc(weKy 1))
Glsx(u)=F1(3)
IF (ApslA(53))=10004)3900 294,394
IF (AL (Xi3))=1004)392:392+395
Ciz.uul
60 Tu 395
Cl=.ul
GO Tu 395
Cl=,.i
1F(»“L).)(Ul)"(.l)5'b'b
xlilzafle)
Fiti)zkF1l(2)
Alc)zald)
File)=F1(3)
STAaEi=STARIL+L,.
Il’(l_')[;\ﬁTl"lUUo)u""'ZOl
Alurn, I)Z (e xP TRRAHFTO#(K)/ (RI*X(S)%X(3))
IF (A(urkel)=1.0)330¢501,501
Blushel)S(Ee*P IRR*E*XTO#(K) /(K1)
C(\Jnﬂ'l):SQﬁT(B(J'K'I))
Cl=,.u1l
IF (huo(ClJdaKe I)=X(3))=C3)33193310332
CoMic(urKe 1) z.28888888
GU Tu 20ul
CeMOU(weKeI)zel1111111
00 Tu eldul
COMLIJrKe )= 77777777
GG Tu 2001
COUMU(urKe1)zZe99999999
GG TuU elbul
COMOG oK e 1) ZAUSIX(S))
IF(A(ueKel)=14)200195(01,501
QQMU(UOKII):-bbbébbbb
ConT UL
C(_”J‘Ilw'l)E
WhiTL(60101)
WhiT_torlid)
UG 7 Ju=2eM
31V 1\22'“
Jisd=,
rlon=-,
srllc (oelle) JLeK1e (CONMG(Jennl) e I=103)
CCOwit, Uk
Ul ¢ =2
UL o =2l
Wi o 4=10d
STH"-I-;lo
STAT =1
X(L)=oTART*(UMG(dene 1))
LC 9 w=le2
A(u'noI):(b.*PI*RtH#TO*(K)/(hI*X(L)*X(L))
BldereI)Zoexr1*SART(ACJIKII) )
lF(/\(uoK'I)-l.)'«ii):“l"&()
Cez2.x%28
IF (Lo Ke1)=C2)40003020302
CELU(UtKr 1) S1e+ (PL*¥PIXGANKGAM) /6b e
GC Tu 42
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LUy CELU(OrK e D)zl o+ ((PIR(A(IIKp L) *%(34/2¢ ) ) %0AMRGAMYI /(160 *(1le=(A(urnr i
12y ) /7 TAL L (UeKe 1))

4 Clurne 1) Z5GHT (ARG (UELO (JrKe 1))
UGk e D)Z{C(UsKe 1)) ¥ (STH(B(UeKI)))

[ ) I CALL (U Gdrne k) )=1e) 43003, 44

=y M STARTZSTART=. )

IF(STARTINZS 1425045

bed COMG(urKel)=e33333333
GG Ty 2002

49 FIJden o DIZPI=ASIN(D(JIKIT))
BLTA(urKeI)Z(2./P1)Y*(F(JrKe 1))
Bt TAle(JrKo L )Zo5*(BETA(JIKeI))
FieL)=(OMG(urn»I))Z(BETL12(JeK]))

e X{u+1)=F1(L)

luy X)) (X1 *p 1 (2)=X(2)*F L (1)) /7 (x(1)=Fl(1)=X(2)+F1(2))
Alurrn s I Z(H e *PIxR*HXTO*CK)I/ (RIAX(3) %X (3))
BldeR» 1) =54 1 *¥SQGRT(A(JIKP I )
it in{uerReli=l,l40047 0406

Yo Cezeax¥2y
IF(LturKel)=CedlhoUr402,402

4y DELU(UrK oI )L e+ (PL*PTXGLAMXGAN) /Bl
0 Tu 48

46U DELU(Ur Ko D)l o+ ((PIx(A(UrKe L) %%(34720) ) %xGAMKXGAM) / (1oe*(Lo=(A(Urnr s
1)) 1)) /TARIB(UIKe]))
40 ClUrk s 1IZSAT(ABS(LELO (JeKe 1))
Dok » I)Z(CLUrKo D)) (SIT(B(JeKI]1)))
IF (hps(UlJdrrne L)) =1)49,49912
] FOJdor o D)ZPI=ASIN(U(JIKPI))
BLTA(GeK I )z (2o /PLYx(F(JrKe1))
BLThilcldrkel) =S5 (BETA(JIK 1))
F1e3)2(OMG(urre I))/Z(BETALI2(UrKe1))
Ui=A(o)=F1(0)
: IF (aus(X{3))=1000¢)490r49% 0454
LyU IF(hpo(X(3))=1004)49204G30499
442 ClZ.uU1
GG Ty 49H
493 Cl=.ui
VO Tou 4yH
L4 Cl=.i
495 IF(ALLDLI)=CL)11el1r12
ie2 X(l)=x(z)
Fr(1)=zF1l(2)
X(2)z=ra(3)
Fliz)zF i (3)
STALTLESSTAKTLY,
IF(S]nRTl‘lUUUo)lU'lUOZUE
lue Alurns 1) (B*HI*kR®MHKTOXCK) Z(RI*X(3)%X{3))
IF CA(UrKe D) =1a0)8300502,502
4uu Blorn s I (E e #PTxR*H*TO¥CK)/ (KI)
Clurn e D) ZOGRT (S (Jeky 1))
CB:GUL
IF (A (Cldrn s i) =X{(3) )= 8)431 9033 0432
451 CimuiurKrl)zeut888688
6C Tu 20ue
43 ComoeurKel)zer111111)

Q oC Tu 2uud
l CCMu e Kol )= 77777777
GO 1o c0ue
bue Cbmb(gvK'l):ogggggggg
00 T 20ue
11l CuMOLturKrI)ZASS(X(3))
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I (o rRe L )=1,)2U002 5020502

Hiud CuMLIwrKr 1) Ze 06060006
culc CUNILNUL
(&) COH]lNUt

. whkiTotoelul)

WEiTe (6elUY)
UG 19 J=erM
DG 138 KZ28N
J)lzd=-j

Klzb=y

» WHiTe (6010g) J1oKLo (COMG(JrR»I)pI=103)
1Y CONT LisUE

DO 1a Jzeei
LC 16 KZZ2eN
DC 1e 12103

STArjoel
STANi¢:lo
oo XL )z TART* (U G(JrkeI))

UG 1n L=1e2

Alrne 1) (8% TxR*H*TOX(K)/Z(RIxX(L)%®X{L))
BlurKk e I)Ze9*P [ *SURT(A{JIKII))
IF(A(UrK»1)=14)50051¢50

bu Ces2.x%x28
IF (e (UKo I)=C)500¢303,303

91 OtLG (e K I) Sl o+ (PI¥PIXGAMXGAN) /04 .
GU Tu Sz

DUV DELO(GUrK e L)Ll o+ ((PI*(A(JIK L) *%(34/72¢) ) *GAMRGAM) /(Lo ex(Le=(A(Jrnri
) )y /TANIB(GeKe 1))
Se ClUrKe D) ZSQnT(ABS(DELO (UK 1) ))
D{Jdeh o I)Z(C (UKo D)) *(STIH(B(JIKPI)))
IF(nps(Dldenel))=1.)53¢53+54
54 START=zSTART+.
IF(STaRT=1.u)950550525
vebh COMG (UK 1)=24333335333
60 Ty 2003
59 FIJrka IIZASIN(D(JIKI))
BETA(GeK e 1)z (o /PI)*(F (UKo 1))
Bt TALo(UrKe L) S oS (BETA(JIKeI))
FI(L)Z(OMG(WrKeI))/(1.4BETALlc(UrKeI))
15 X(L+1)=F1(L)
lo X{3)z(X(1)xF1(2)=X(2)xF 1 (1) )/ (X(1)=F1(1)=X(2)+F1(2))
AlJer s 1) (8o *xPI*R*HAXTOXCK) /(K I %X (3) %X (3))
BUden s 1) T 52P [¥SQRT (AU, Ke 1))

IF G (urKel)=1.)560eH7¢56

Do Cezmzox%x20
IF (o (urKr1)=Ce)5604039403

H7 UBLU(Ur Ko 1)zl o+ (PIXPIXGAMXGANM) /04
GO 1o S8

SoU CELOGUrKeI)ZL e+ (PI*(A(JIK L) %% (347/24) ) %GAMXGAM) /(1B e* (La=(Aldrnr i
1)) )/ TAN(R(UeKe 1))

T3} ClUrk s 1)=SORT(ABS(DELO(JIKPT)))
D(Jery I)Z(CLUrKe D)) *(SIN(B(JrK21)))
IF (RUL(0(UrKe L)) =14)599159018

nY FOUurrns I)ZASINID(JeK2T))
BETA(UeKeI)Z(o/PL)*(F(JeKe1))

‘ BETiic(JdrKr L) S oS (BETA(UIKe D))
FLO3)z(OMG(UrKeI) )/ (14t ETALS(UIKPI))
UISX(3)=F1(48)

IF (AL (X(3))=1000,)590 5940594
©90 IF (AL 5(X(3))=1004)592+¢593¢590

v92 Cl=,uul 57



051
vde
S03
LUd
i7

oud

2003
1y

19

GG Ty HYYH

Cl:oul

0L Ty 5H9%

Cilz.y

I (A ,(01)=Cl)17917018
X(l)=a(2)

Fl(l)zF1(2)

X{(2)zal(3)

Fl(e)zsF1i(3)

STAKTI=START1+1.,
IF(START1=10UU) 160160203
AlUrKrIIZ(Be*PIXR*¥HATOXCK) /(RI %X (3) %X (3))
IF(A(UrKeI)=1,0)530v503,%03
BUlIrK o I)Z(B8o*PT*¥R*HATOXCK) /(1)
ClUurkK o IIZSORT(B(JrK» 1))

C5:OU$
LF(nuulCldrne i) =X(3))=C3)531+5319532
CbMu(u'K'I):.UBSBSBBB

Gu Ty 2Uu3
COMOG(urKrI)zell111111

6L Tu 2003

CoMC(urKeI)=e 77777777

GO Ty 2003

COMC (urKe1)=,99999599

U Tu 20U3

COMG (Ut Ke 1) ZApSIX(35))
IF(A(UrKe1)=1,)2003+¢503,5%03
Cch(uiKII):0066°6666

CONT LivUE

ConT LilE

AhaTrioe101)

WhiTe (60109)

UC L1y JzZ2.M

U0 19 K=Z2¢N

UI:J-;

Kl13K=}

WRITe (00102) J1vKLo (COVG(JIRPI) e I=103)
CONT [ JUE

RETUR.

Coer .
LNy
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iy b AR LU

lye
103

lug

COMMUIy Ltbﬂ.ﬂ\u\-’hPI'P-/’%'f\.ioONMB(r_‘()uéu'f))cHoHu TOeCho T g5t

RS CONTIRACT NASA=1125% (LONGITUDINAL VIBRATIOCH RESLEARCEH:)

FORTRAN IV (URPUTER PROGRAM FOK THE EVALUATION OF NATURAL

FELoue NCLES (GMG) AND U STAKLE VALUES OF THE THRUST FRE-UENTY

(CUMG) FOUK 5 SIMPLY=SUFRORTLUr CiKCULAR CYLINURTICAL SiiELL.

kAL L

WrdTe (oilly)

FORMA | CLHL1 v 20X s 31HLEGEN;' OF TERMS USEDR IN PROGRAMy//e5X, 30HH mema
IHALE LENGTH UF CYLINDER» /15X 1 25HK =eme= RADIUS OF CYLINDER®/91SAradi
el THICKNESS OF CYLINDER WALL» /95X 40HRHO == MAGS DENSITY Or C
SYLINueR MATERIALY /15X ) 3BHE == YOUNGS MODULUS FOR THE MATERTIALS/
BOX12iiV =e=e POISSORS RATIO»/ 25X 9 26HW =w=w=m REFEREMNCE FREGUE CYer/ s
DX Oty mw=em= WUMBER OF AXxIAL VAKIATION TERMG e/ 95X 0 391N mmm= NiUthv oo
GUF KAl IAL VakIATION TERNMSe/2HX 0 30HU ¢ K = SUBSCRIPTS OF THE ARRAY 9/
TrHA1S4R0MG (IR L) =em NATURAL FREQUENCY Lo/05X0 34HONG(J 9K 92) ===
SATURAL FREGUEINCY <1/ 05X 34HCMG(J9K93) === NATURAL FREGUENCY 34/, 9a
Greomiy === CULSTANT THRUST FURCL» /15X 9 36HGAM == VARIABLFE THRUST/CU
INST g THRUva/.DKO%BHCOMG == CAPITAL OMEGA.,» INSTABLE SE/fRCH FREGWU
SEICY 0 /05X 3GHUCOMG —w DELTA CAPITAL OMEGA, INCREMENT ¢/ 25X 0 20HCK==(
SOLTHUL CONSTALT)

KL AL (50102) HeR»ToRHO»r »Voew

FOURMAGT (TFlues)

REAL (H0103) MoaNoeTO»GANM,COMGsDCOMG » CK

FOrmai (2159901045)

WhiTie (uel0y) HvRoTORHO,W'EOVu’\‘-oN'TO'GA&"’:!COMGrDCOMGoCK

FORMAT(LIHL» LUX» 62HUNSTALLE VALUES OF THE THRUST FREQUENCY (COMG) U
Ik T CYLINULMo//'JXa]QHHALF LENGTH = + SPE15450 10X s 9HRALIUS = 't OrPL
€15459 LUX P 12HTHICKNESS = ' IPELS.50// 913X 15HMASS DENSITY = +E15.609A
3r2etiR L FERENCL FREGQUENCY = PE15e50//93X0 1 7THYOUNGS MOLULUS = p1PLic.
US» 7% L THPOISSUNS RATIO = 'E1De50//7 03X e 34HNUMBER OF AXIAL VAQRTIATiun
O Terwn = o 15010Xe 35HNUMRER OF RADIAL VARIATION TERMS = 015077403002
02HCONLTANT THKUST TO = tlIPELS .59 3Xr6HGAM = 'ELS503Xs21HCAPITAL o
TVEGA,(OMG = 'E15e50//93X028HUELTA CAPITAL OMEGA,DCOMG = 'E15.50 040
B2L4HCONTROL CONSTANT KyCK = 21550 //)

P123,.4159265%4

Lan/

S=T/h

UoHMUsHXHXW W /§

CALL AFREQ (LS UrVrmIP I oMeiNeOMG )

WhiTe (60105)

FOrmmi (20Xr»4 lHTABLE OF NATUKAL FREGQUENCLIES» RAD PER SECs//0vuX ot
LrodxXogHK ) 1BA» IHOME GA (1) 911X 9HOMEGA (2)v10Xr9HONEGY (3)e2/7)

FOURNAL (21593020.877)

UG & o=1lM

U0 o nZleiy

Jisde,

K1ZK=}

whale (oelug) dloKlo(UNb(J'K'I)olzlvj)

RVZg o xti*2 o % 1 x K& T¥K1HO

RI:H,"W*(Ob*f{*H"'O-}j;ﬁ*H*H)*b“éo

CALL CHAIN(C)

Ernu
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Se

34
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CAoA CONTRACT NASE=11255 (LONGITUDINAL VIRRATION RESE,.KCH)

SLokKUUTIRE FOUR UNSTABLE VALULS OF THKUST FREQUENCY» EGUATIO (o

COhNSICERATIUN OF THREE (3) CASLESe INVOLVIMG 930 VALUES.,

SUOBKUGTINE UNST7 (PLrReHeTOrLKIRLsGAM,OMG Mo N)

cIvEns TON QWO(20'2073)'COMG(COOZU'3)'A(ZU'20'3)'B(20'20p3)vagQigu
lvaUrJ)vC(ZUodeﬁ)vU(ZUv2Ur5)'F(2002093)'BETﬁ(20a20!3)vRETAIZ(ZuvZU
cr3)eF () e X(w)

FORMA T (20X»LUHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUEMNCY Fu
1R cGUATION (ou)» RAD PER SECer//04Xe2HI, s 4 X9 2HK, »8Xp 10HCOMEGA (1)
210Ks LUHCOMEUVA (2) 010Xe10HCOMEGA (5)e//)

FORMAT (215 SE2U.877)

FURMAT (20X» 33HF IRST CASE» LUWER CASE M EOUAL 1,077)

Fouriai (20X e 04HSECOND CASEr» COWER CASE M FQUAL 2e07/)

FORP AL (20X0 3SHTHIRD CASEs LUWER CASE M EOQUAL 3,+/7)

Ul 1 o w=lew

S O N5

(U URE j_:lO..l)

CUMO (UKo l)zu 0

cOnY LivUe

U 2 =2V

U 2 n=2rein

Uu o2 1:1'5

SDTAXKT=z1.

STAH[;:lo

XAVL)ZoTART«(unG(ueKe 1))

LU 3 W=l

Adrn o D) (8 o ¥ P Tkt i*¥TOXCK) /(I %X (L) %X (L))

SlJrh s L) ZeH%xPI*SGRTIA(JIKI D))

IF AR (UKo I)=14)30e31030

CeZ2.x%28

dF (B (orKeL)=C2)3000r301,301

ULLO(UrKe I )21 o +(PI*PI*GAMKXGAM) /64

GO TG 32

DELUGL Ko D)2l + ((PLI*xCACIIKI 1) %% (30/2¢) ) %GAMRGAM) /(16 ek (Le=(A(urnry
IN)Y)/7TAN B (JeKe L))

CUJrKp LIZSART(ABSIDELO(JeKe 1))

DlJrrk ey IIZ(C (UKo 1) )% (ST (B (JIKe L) ))

IF CABS (O(Jden e [))=1¢) 33033, 34

STANKT2S5TARKT=6 1

IF(START)IZ290 325035

CUMOLLIKe 1) Z433353333

eU Tu 2001

FUOJrK»1)ZPI=asINIO(JdrK» 1))

DETA(UeKe D) (Lo /PL)*(F (JrKal))

BET AL (drKe L) ZToSF(BETA(JeKe 1))

FIGL)Z(OMG(Urk e I) )/ (ABRS(=le*pETAL2(JrKe 1))

Ale+ i)=Y (L)

ACS)Z (XL *r L(2)=X{)#F 1 (1) )/ (A(L)=FLl(Ll)=X(2)+F1(2))

AU PR e L) S (G e # P I kR &R TORCK) Z (I *X (3)%X(3))

Pl rR e L) oD LG RTIA(UIKe 1))

it Ca(urRel)=14) 30037036

Cem2exx28

PiF G (orKe I ) =) 300040100401

JELC (O e Ko 1)1l o+ (PI*PIXGANYXGAN) /o o

L Tou Ay

CELUGUr Ko D)2l ot CIPI*(A(JIK e L) ¥k (36/2¢) ) %GAMKGAM) /(1o k(1 a=(2(Jrnr,
LX) D))/ TAR(B(UrKer))

ClUrn s 1) ZSGRTIABSIDELOI (UK 1) ))

UlOern e DIZ(CHUn Koy D)) (ST (s (JeKe 1) ))
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TP CAGLO(drr e 1)) =1 ) 3903906
St Fiderne D)o ]=boli(i(JdeKeI))
i ThafurKel )z oo/ D) ¥ (F (Joke 1))
T Al (oK 1) Ze5x(BETA(JeRr 1))
Fal3)olOoMoturns 1IN/ ARG (=Le*xDETALS(JerKe[)))
iemalo)=F1(u)
I CApL XL3) 1=10004) 390 3G4 0 394
St W lAans(X(3))=1006)392+3930399
Sy Llzetul
oG Tu 39%
393 Cl=.ui
ol Tu 395
Su4 cl=,1
M) IF (hapo(Ll)=cl)Sroee
(o) Ali)zale)
FlllyzFli(e)
Ale)rzaldd
Flle)=kF1(d)
STARTLESTAR LYY,
IS ThRRrRTl=luUue) bl 201l
cul AR s D) (oo *P I #R&HXTOXCK) / (RI*X(5) %X (3))
TFla(urKe1)=1,0)330¢501,501
S3u DAldeRe 1) S (8o xP T AR*HRTOXCK) / (K1)
Cldrh e D) ZSSURKTIB(UIKPI))
L:‘:QU&
IF (A (Cldrne i) =~a(3))=C3)331+331+332
S01 COMG(UeKe L)oo 58868888
we Ty 20ul
de L(..MU(\J'K'I):nllllllll
LTy 2001
SU1 COMGLurK» 1)Y= 27777777
LU Ty 2uul
byl LuMG (UK e1)=2.99959999
we Ty 2001
COMO{urKe 1) zAUS(X(3))
IF(A(uesK»I)=1a)200105031,501
HSul CLMuLUIKe ) ZenbbH00066
2Uul  CUNT LUk
l Gl LUt
A lTe(belulld
wh AT (e lU3)
U T =2 e M
w7 (\ZZUN
Jilsde=,
Nl=Key
W ATe (orlie) J1rKLo (COMG(JrKo L) 1=103)
7 CUT sl
S G wERg e M
U A =l eiN
U o 1=l 3
(JTHr(I..ol
(:)T}‘\F\TJ,:IO
L 3o) ALY START* UG (JeKel))
e Y9 o=l
Alorre 1) (0o *PTxR*H*TO*(K) /Z(kIxX (L) *X(L))
Llusre LIZeoxP LxSurT(A(UIKe 1))
IFLA(UrK I )=l )UUP L4840

Lf

bu CoZeg.**28
IF(s(ure I)=02)040U» 302,302

b UELO(urKe 1) i+ (PI*PIxGAMKGAN) /0L,
ol Tu 42
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lu

Go

bou

Yo

Y|

4oy
492
43

44
bys
le

LLUCGrR e D)2l o+ ((PIR{A(JrKp I ) %% (34/2¢) )% GAMEGAV ) /(1D 02 (Le=( (urnr.
YYDV TANCE (urKe L))

Clurny D)ZSUHT(ABSIDELGC(JrKe 1))

Ulurhp L)Z(C UKo L)) 2 (SIMN(O(JrKP ) ))
LFCAGLIUUrn i) ) =1e)83043044
STARTZSTART+, ]

IFASTaRT=1aula5rubr42y
COMG{urK» 1)z e 33333332

oG Tu 20u2

FOJrK e IIZSASIIN(D(JIK 1))
BETA(UrKe D) S (o /PL)x(F(JsKe1))
BETALZ(JrKo 1) Z o5 (BETA(JeKe L))
FLOL)Z(OMG(UrKe I )/ (ABS(=1e+BETAL2(JeKe1)))
AL+,)=FL(L)

AL (XL *F L(2)=x(2)*%F 1 (1) )/ (X(1)=F1l(1)=%X(2)+F1(2))
AlUr R 1) S o ¥PT#RAHATOXCK) / (RIAX(3) %X (3))
R 1) Zea54PI*SQRT(A(JeK e I ))
LFCA(UPK L) =i 4)U4b08T7 U6

Cazlex*2b

it (e (UKo I)=Cz)luplrl4020402

VELU(GUIK e 1) 2Ll o+ (PI*PI*GAMXGAM) /64 o

GO Tu 44

WELO(G K D) 21l o+ ((PI*(A(JIKoI)%%(3,/24) ) kGAMRGAM) /(Lo ek (Lle=( lurhr i
D))V )/TAR(s(UeKe 1))
ClUrRpI)ZSCRT(ABSIDELC (JeKeI)))

DlJrr o I)S(C UKo D) )= (STIR(B(JIKII)))

P (AL DGdrre 1)) =14)49,49912

FAUrR 1) ZASINID(JeKs 1))
DETA(UIKeI)Z(2e/PL)*(F (JrKeI))
BETAL2(deKy 1) Z 5% (BET. (JrKe 1))
FIeS)<(OMG(UrKeI) )/ (ALS(=1e4cETALe(JeKr 1))
ClaX(3)=F1(3)

IFCAGS(X(3))=1000) 49049405494

IF (Ao (X(3))=100.)492,403,499

(-l:-.uul

uL TU 49%

Cl:-oUl

GG TU 44y

Cl=,.}

LF(hg(01)=Cl)11v11012

Atl)z=a(2)

F101)=F1(2)

Alg)=aly)

Fllz)zt1(3)

OSTART  =STARKIL+].
IFASTARTL=1uudilurl0e202

AU Ky 1) ZE e ¥ P T AkHATOXR K ) /(I *xX(5) %X (3))
iFCACUPKP ) =1,0)8300502,502

Cldem s L) (B o % J#R*HkTOx(K) / (n])

CldeRp D)ZSuni((urKy 1))

L:}:.ux

IR CALSIC(drn e L) =A(3))=C e )4310043 o432
COMUluwrKe ) Ze 83858688

U Toe 2du2

CemMu{weKel)zell111111

¢ Tw 20ue

COMG (Ko Iz 27777777

w0 Tou ¢0ue

CUMO(UrKrl) 20999994999

v Tu 2002

COMU{UrKeI)oABSTX{3))
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iF (;l(url\vl)~l.)§3002-bt"s2.b\')2

Lol UV (UK [ ) 2 e 56606006
cUlUe  CUNWT LUE
) CunT LiUE

abd T (oel04)

whiTi 1104y

LU lo J=eeN

WU LS KZ2»N

ul:d-;

rlak=j

NRITE (6010¢) JIrKL» (COMG(JrKo L) pI=103)
19 CONTIZUE

GC14 JE2ae M

JO 14 KZ2e N

VO le IZ1e3

STar <l

STAR =1,

5Y XKCL)ZOTART ¥ (UG LJeKe 1))
DG 1y L=le2
FPlorn s DIZ (8 *P TRkHATOXCK ) / (K I*A (L) *X (L))
m(u'hoI):.b*Pl*SUHT(A(J'KOI))
IFCA(GrKe D) =i 4)5Ur51 050
Su Comgoer*x28
IF(H(QOK'I)—L2)5U013”3'303
91 CbLGlurKe L) 2L o+ (PIXPI®GAN®GAM) /04 o
LU Ty bHe
H0U LtLO\goKoI):1.+((Pl*(A(JvK;I)**(S./Z.))*GAM*GAM)/(léo*(l.-(ﬂ(thox
1Y) 1)) /TANCH(JeKe 1))
S COurn e D) ZSQRT (ABSIDELO(JIKPI)))

Clurn e D)Z(CUUrKy D) )X (STM(E(JIKPI) ))
IE Ches , (B (Uon e 1) ) =14)53,53,54

oY STAK | <STAKT=. |
Ir(START)ISZY 1 525,55

55 COMG(UrKe I )Ze33333332
oCU To 2003 :

o5 FOOrR e IISPI~ASIN(O(JIKYT))
DETACCIK» 1) (o/PL)*(F(JrKo 1))

BLIAL (JrKe 1) Zo9%(BETA(JrK» 1))
FICL)Z(OMG(urKrT) )/ (ABS(BETAL2(JeKeI)))

1o AL+1=FL(L)

1o A(J):(x(l)*rl(2)-x(¢)*F1(1))/(x(l)-Fl(l)-X(2)+F1(2))
Aldrrn s D)2 (o kP T#R*H*TORCK) / (KI%X(35) %X (3))
w(urhrI)I.b*PI*SwRT(A(drKvI))
IFCAGUrK L) =1 4050057056

bU (.g;ao‘*Zé)
Iv (ClurKel)=C2)5000403,403
o7 CELUCUrK e D)2 o+ (PI*PIxGANRGAM) /Db o
ve Ty L8
Yo ULLU(V'K'I)IL.+((PI*(A(J.K:I)**(3-/2-))*GAM*GAM)/(IQ-*(]--(A(drno;
LI/ Tabitis(urKe L))
i Clonns D) ZSORT (ABS(DELO(JrKP 1))

Cluskey D)ZCOUrKy L)) ¥ (STTi(B(JrKe1)))
LECALLUGJer L) )=14)5%995G,18

Oy FlUrn s D) ZPI=ASIN (LUK ]))
Ut I»'\(VoK'I):(a./f-“"l)*(F—(de'I))
OE T e (UK 1 )T oS *(BETA(JeKe L))
FICS) = (OMOG (G Ko 1))/ (ABS(BETAL2 (Urke1)))
UISX(0)=F1(2)
lF(Aua(x(3))'lOOU.)b90v5940594

SYuy IF(AUJ(X(j))—100-)592v593'590

byl Cl=.uul
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bud
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509

VIV
iy

1

ol Tu 56y

Clzauj

CG Ty HYY

L.l:a.k

P CACLO1)=CL) 17017018
x(i)z=a(2)

F1(1)zFl1(2)

Aleg)zaly)

F1(2)=F1(3)

STARTL=STARTL+1 .

i? \bThRTl'lUUUQ ) 16?16?2('3

ACUrR e 1) Z(B e *PTxRAXHKTOXCK) Z(RI*X(3) %X (3))
It CAGUrKe 1) =1,0)5300503,503
OO eR s D) (B o %P T RkR&*HETOXCK ) /(R])
CAder s DIZSURT(E(JIKI L))

LoZeld
;F(AQJ(C(J'A'L)—A(ﬁ))—C3)531'bblvb32
COMG(UrKe]l)zZa 88868888

oL T 2003
COMG{urKel)zell1l11111

wu Ju 2003

COMU GG Ke L)z 77777777

LY Tou 200L3
CLMe(wrKr 1) 249999399y

LU Tu 2003

COUMG(uUrKr L)zABS(R(3))
IF(A(quoI)-l.)2UU3r503obU5
LQMU(QOKII):obbﬁbbbbb

CQNY LnUE

CUNT 41, UL

W liotorlul)

Wi 1T torlH)

UL 1y JZ2eM

vU 1y KZ2eN

Jl:J‘L

PlZKe

LT (orllg) JLeK1e (COMG(JaRke L) 1=103)
Cuind 4.,UE

teE lVUhl,

biu

[@))
J\
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C ROA CONTRACT NASH=11255 (LOWGITULINAL VIRRATION RECEARCH)
C SLisruuTINEG FUux ULWSTABLE VALULS OF THRUST FrEQUENCY,» EQUATIO- (359).
‘L CONSLUERATIUN OF THREE (3) CaStSe INVOLVING 900 VALUES.

SUURKUGUTINE Giva T8 (PIeRaMHeTO LK e RI»GAMIOMG oMo N)

GAMEINGTION GG t2002003) s COMGUE002003) v AC2002003) s (20220, 3)0FLulcy
Lrcurd)rC2UP2093)0U(2002003)0F(2002003)9BETA(20,2003)eBETAL2(CUCU
e d)ob i (B)eX(4)

1ol FORMAGT (20X»BUHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY Fuy
1K EQUATION (8Y) s RAU PER SECer//04Xe2HJ, r4Xe2HK, 0 Xy LQHCOMEGA (1)
210Xy 1yHCOMEGA (2) 210X e 10HCOMEGA (3) e/ /)

lie FORMAG (215, 3E2U.8/7)

1u FORe g (20X 0 SIHFIRST CAGE» LUWER CASE M EQUAL 1,9//)

lug FORPCad (20X e 04HSECOND CaSEr LOWER CASE M EQUAL 2e¢//)

luo burong (20X 3SHTHIRD CASE.» LUWER CASE M EQUAL 3,9/7)

el 1 w=lewV
VR NS W
RN 1 s=108
CUNO(orKel)ZULO
Fe &.(:w"al.,U'r_'
vl @ u=2e M
LG 2 =2
L2 1=1e3
’V_‘JTHNII—-ol
STAT L=
9L ALIS o TART#(0OG(UeKe 1))
LCS L=l 2
Aura e 1) o kP TRk HRTOXCK) Z{(RIxX (L) %X(L))
EAJrKs L) e P 1 *SURT(A(JIKI))
I (ACUeKeI)=14)3U0031930

SU C2z2.%%28
IF (o (urKe1)=C2) 30003010301

a1 CELOTUrKr L) Z Lo+ (PI*PI*GAMXGAM) /B4 o
Le Ty 32

Suy LG (uwrKe D)l o+ ((PI*(A(JrK I} 2% (36/24) ) %0AMERGAM) /(16 ek (Lo~ "(Urnr s
1)) ), TantildeKei))
Se Clurn s D) ZSAKTIABS(DELO(JeKe 1)) )
LRy D) Z(CUUs Ko 1) ) * (ST (JeKe 1) ))
IF AL DGJrRe L)) =1e)339330 34
3k STARKTZOSTART+. 1
LFASTHART=1e0u) 050350325
Je¢H COUMOGUPKPI)2e33333333
wC To 2001
33 FAJrRy IIZASLNID (UK 1))
GETA(GrKeI)Z(2a/P 1) *(F(JeKe 1))
BETALclUrKr i) ToH*x (BETA(UIK )
FalL)z(OMO(urk» 1))/ (ABS (2e=BrTAL2(JeKe1)))
3 AL+ )=F1(L)
L XA (R (L) *r L(2)=X(2)*F 1 (M) /(X(L)=FLl{1)=X(2)+F1(2))
ACD PR e I T (S e ¥P T *R¥HATOX(K) /(KI*X(3)%X(3))
Bldrre 1) Ze 2P [*SURTIA(Urk e I))
P CACUIKI I ) =14) 360370 36

dp Cemg o %208
br (s (ueKe I )=C2) 30004019401
.J/ CELO(U e K e IS Lo+ (PIXPIFOCAMYGAM) /64
wG Toe 38

SpU LUK e D)zl e v ((PIx(ACJrK I ) *% (36724 ) ) %GAMXGAM) /(16 ek {1la=( A (Jrhry
1))y /7 TAN(BCUIK Y L))

o Clurk ey I)ZSORTIABSIDELQ(JeKe 1) )
ey I)ZHUC lUsKe 1) )2 (SIN(B(JIKe 1))
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o930
S92

393

394
395

¢ul

330

331
332
dul

4ol

Sul
2uul

4y

Sl

1F(AUQ(U(Jrﬁoi))~l.)39939ob
Flurr sy IIZASINIG(JeK 1))
CETA(OrK e L) Z (2o /PL)®(F(JrKe 1))
QLTA¢;(dvh-i):.S*(thA(drK'I))
Pl(J):(OMG(QrKuI))/(AbS(?--BLTAIZ(de:I)))
VISX(S)=F1(4)
IF(hog(X(J))‘lOOU.)390v3940334
IF(Aug(X(J))-lUO.)J92:393r390
(-l:-\)\)l

50 To 395

LI:OUL

wlO Tu 395

(-1=01

iFCALLD1)=CL)5e 506

Xx{l)=a(2)

Flll)=zFr1l(g)

A(Z)zA(3)

tll2)zF1(3)

STARTLZSTARIL+] .

[t (SiTnRTl=1UL ) Urigez0]
A(urn.I):(d.*PI*H*H*TU*CK)/(hI*X(J)*x(S))
B CACUK I ) =1, 0)3300501,5%01
HlUrn e L) Z(H e ¥PIAR®H®TOXCK) / (K] )
C(dthpl):SON](ﬁ(doK'I))

LJ:vUL
Ir(AUJ(C(derl)—x(é))-C3)33l'361v532
COMBG(UurKer I ) Z o 8BB888888

LU Tu 2001
CeMG(urKeI)zel1111111

oG TU 2001
COMO(UrKe I )z 77777777

oG T 2001
COMG(UrKr ) 2499999999

WG Ty 2001
COMG(UrKr 1) 2AUSIX(3))
LECa(ueKeI)=14)2001+501,501
COMOG (UK ) 24606666666

CONT 1 WUE

LO“T‘HUE

kLT (60101)

wilTe (60105)

i U 7 uZZvM

Gl =es N

JiZu=

SLER =

whlle (orlue) JIPKLy (COMGIJrn2 L) oIzl 3)
Ll i Uk

R = 22

Gl L 220N
[ A 2. ‘:l':)
DTAcvioel

bTRM\‘:lo
XL ZHTART*(uvG(ueKe 1))
UU Y LT lel
Ao R D) Z (0o #PT#R*H*TO*CK) / (KRI#X (L) %X (L))
i"(\JnK'I):.b*}’l*SuRT(A(JoK'I))
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IV)IY ) /TANCGSGurK e L))
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Fl(L):(OMG(U'K'I))/(AHS(I.*B&TAIZ(devI)))
AlL+1)=F1 (L)
K(O):(X(l)*rl(2)~K(2)*Fl(l))/(x(l)-Fl(l)-X(2)+F1(2))
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Olurrn s L)ZeS*rI*SORT(A(UeK» 1))
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IF(ﬂ(u'K'I)-L.)2002'5320502
oul COmMbGlurKr I ) Zet6660666
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vl 15 Jz2ae
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ﬂ(uomol):(8.*PI*R*H*TO*CK)/(NI*X(L)*X(L))
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HRSA CONTRALT NASd=1125%% (LOnGATULINAL VIBRRATICH RESEaRCH)
SUokugTINE rOR UNSTABLE VALUES OF THRUST FREQUEMCY» EQUATIO: {900 e
COUNSTUERATION QF g CASES (5 INADMISSIBLE)» INVOLVING 1800 VAL,
SULRUUTIINE UhGTO (PioRaHoTOI Kol rGAMIOMG Mo N)

CIMEns TON 0i'4-5(20'é0v3)'COMG(dOOZUDZH!A(20020i3)ii,ﬁ(?.ﬁv'zﬂ':'))'rxgi-\)‘du
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€luXy L yHCOMEGA (2)¢10X»10MCOMEGA (3)0//)

FURNMAT (2ISy 3E2U.8//7)
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1L 1y (CASL WOT AOMISSIKLE) ee///)

FORMAT (1UXeDORSLCOND CAGE, LOWER CASE M EQUAL 2+ LGWER CASE i Ldu
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Fomong (LOX»DSHTHIKD CASE, LUWER CASE M EQUAL 3+ LOWER CASE M Ewua
e lesz/)

Forin (QUXrS6HFUURKTH CASEs» LOWER CASE M EQUAL 1+ LOWER CASE N cuu
1aw 24.77)

Fouxiiag (1uXs 7uHFIFTH CASE, LOWER CASE M EGQUAL 2, LOWER CASE N EGun
IL 2y (CASE WOT ADMISSIBLE) «0//7)

FURNAT (10X »HSHSIXTH CASE, LOWER CASE M EQUAL 3, LOWEK CASE M EwUA
1L 2ev/7)

POrrh (LOXs STHSEVENTH CASE, LO‘?R CASE M EGUAL 1, LOWER CASF N L@
lur S59/77)

FURY A (LUX9»DoHEIGHTH CASE s LOWER CASE M EQUAL »¢ LOWER CASE w (AT
1AL 3,/7)

FORP AT (10X TEHNINTH CASEs LOWER CASE M EGUAL 3, LOWER CASE N Egua
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Ul 1 uZlem
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UL 1 1=1e3

COMO(UerKrI)zu.0
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STAKTLI=1,
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AUUr Ry DIZ(3 o ¥ PT#R*¥HETOXCK) / (RT*X (L) *X (L))
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Vo To A2
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1)) )/ TANH (UrKe 1))

C(u.n.l):SUnT(AHS(DELU(J'KoI)))

Uidr Ky I)Z(C UKo D) )% (ST (= (deKel)))
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GO Ty 2001

FOOrks I)SASIN(D (UK 1))

70



HLin(u.n'I):(a./ﬁi)*(F(dokol))
Fi(L);(UMb(uvKoI))/(AﬁS(-l.+u£TA(d.KoI)))

o AOLIIZFYI (L)

4 x(o):\X(i)*ri(e)-x(z)*r1(1))/(A(li-F1<1)~x(2)+F1(2))
ﬂ(donrI):(U.*PI*H*H*TU*CK)/(HI*X(J)*X(3))
DlUrKr L) 2o uxP IxSGRT(A(UrKe 1))
lk(ﬁ(uvKli)'lo)3ov37i36

Jdou Cezgexk2y
IF(b(qurI)-L2)3ﬁU'4010uUl

37 UELO(urKrI):1.+(PI*PI*GAM*GAM)/6Q.
0C Ty 38

360 ULLO(uvKrI):l.+((PI*(A(JvaI)**(S./2.))*GAM*GAM)/(léc*(1.-(A(Jval
1))0)))/TAN(R(JeK, (1))
34 C(dvol)=SOHT(ABS(DELO(devI)))
U(d.n'I)z(C(drK'I))*(SIH(&(doKoI)))
IF (M();;(U(J'I’\’l,)’10)3‘903906
SY F(u'hoI):ASiN(D(quoI))
uLTA(uoK'I)zicu/PI)*(F(d'KoI))
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GIZX(0)=F1(y)
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SCU lF(Aud(x(b))-lOOo)592v393039$
é(JZ (.-1:00\)1
oC TU 39y
993 Clz,ul
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3995 LECAGS(U1)=C1)99506
6 All)zx(2)
FlelyzF1(2)
A(e)zx(3)
Flee)zF1(3)
5TART¢:STARll*10
IF(STARTI-IUU.)40Q0201
2l A(dvkp1)2(3.*PI*R*H*TO*CK)/(HI*X(5)*X(3))
IF(A(V'KrI)-l.0)330v501'501

33y BUJrRs I)Z(8 ¥ PIxR*HETOXCK) / (K] )

CUlUrn o D) ZSURTIBIUIKI))
C3z,.uy
IF(AUb(C(doKOI)-X(b))-C3)331!3310332
331 COMG(UrKe 1) . 88858668
vl Ty 2001
332 CLMD(UIK'I):'llllllll
G0 Ty 2001
Jul COMG(urKe D)= 77777777
GC Ty 2001
401 LCMG (U1K 1) 2499994999g
oL TU 20Ul
o COMG UKo 1) ZhiiS(x(3))
lF(h(qu'I)-lo)ZUGltbOlosol
Sul CUMG (UK 1) Ze0b6606666
elUul COvY 1LinUE
4 CONT [ nUE
whiTe (60101)
WeaTn (6elUy)

LU 7 SN

\Jl:\J-;,
KlSKe,
AMLTe (6el0g) J1eR1y (COMG(JrRrI) pI=103)

CONT LvUE
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vl 6 uSerl
DO o aZ2rin
VRS W
STARTZe6

. STAT1=1.

uy KLYz HTART* (OMG(JeKe 1))
O =12
Aldrn s I)Z(E e ¥PI*¥R*HXTOX(K) / (KI*xX (L) *X (L))
BlUrKe I)Zoe5%P L RSORT(A(JIKI 1))
IFCA(UrK e I)=14)40041 040

4y (222, %x%28
[F s (UeKeI)=C2)40U00302/,302

41 DELO(urKo 1)1+ (PI*PI*GAM*GAM) /64,
WO Tu 42

By JLLO(;-K-I):1.+((PI*(A(J'KvI)**(S./2.))*GAM*GAM)/(loo*(1.~(A(uvA'i
NI /7TAN(E (UK 1))
be ClUrKe 1) ZSORT (ABRSIDELO(JeKe 1)) )
LUK I)Z(C UKy I )% (SIN(B(JrK»1)))
P CABS(D(JdeRe L)) =14)43,043044
G4 STALRTLSTART=.1
Ir (STARTINZH 425,45
4ehH CLMb(uOK'1)2053355333
w0 Ty 2002
45 FUJdok o DIZPI-ASIN(G(JeKe]))
BETA(L K D) (2o /P L)X (F(JoKo1))
FLAL )= (OMG(UrKo 1))/ (ABS(BETA(JIKII)))
9 X{L+i)=F1(L)
lu K(é):(X(l)*Fl(2)-X(2)*F1(1))/(x(l)-Fl(l)-X(Z)*Fl(Z))
AlJrn s LIS (8o *PTxRAHXTOXCK )/ (RI*X(3)%X(3))
VIJrKo L) Zoe52PI+SQRT(A(JeK e 1))
It Ca(urKeI)=l,)46047 046

Yo C23z.x%28
IF (s(UrKe 1) =C2)4600402,402

47 VELO(GrKe 1)Ll o +(PI*PI*GAM*GAM) /64
OU TO 48

You ULLO(gvaI)Zl.*((PI*(A(J!K;I)**(S./Z-))*GAM*GAM)/(16o*(1.-(A(drﬂv1
L)) ) /TAN(EBs(UeKe L))
by ClUrK»II=SORT(ABS(DELO(JrKI)))
DIJrRe D)= (CUUrKs D) )R (SIN(B(JIKII)))
[F (hpu(D(Jdrrne L) ) =1e)49,43G,12
49 FOJoke I)ZPI=ASIN(O(JPKIT))
BLTA(UrKe I)Z(2e/PI)IX{F{(JeKe 1))
FLI3)=(OMG(urKeI))/(ABSIBETA(JIKPI)))
WISX{S)=F1(3)
L (Aes(X(3))=10004)490 0494 0494
Qoyu IF(pstX(3))=100.)492,493,49)
by2 Cl=,yul
GCG To 498
“55 Cl;,ui
CO TO 8§95
444 Liz, ]
4obH B D)=l l1ellel2

lc A(l)z=A(2)
FiCl)y=F1l(2)
A(2)=al(3)
Fllc)=F1(3)
’ STAKT i=STARTL+1.

Ik(anRTl-luuo.)lorlo'ZOZ

2ue AlDrR o D) S (B *PIxR*¥HXTO*CK) / (KI*X(3) %X (3))
AFCA(UPKeI)=1,0)4300502,502

43u DlJrR e IIZ{Be#PIEREHXTORCK) /(R])
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wO Ty 200¢

CeMlur®eI)zei1111111

wu Tu 2due
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COMG (urKr 1) 2099999999

wU Tu 2002

COMG(uUrKr 1) ZABS(X(3))
lF(A(u'K'I)-10)2002'5020502
CCAG(urKe ] ) Za0b666666

CLN];uUt

Culvil ot

ardTeiorlol)

wi-d T _(oeli9H)

Wl 1o Jm2a N

WOy KZ2ael

JiZde

Folarey

b Te (orlUe) J1sKLo(COMG(JrKer L) pIm103)
Cunt il

LU 1 J=gem

CLoo14 RZ29l

v i IZ1e3

BTHFT;ol

STAETI=1.

ACL)ZLTART*(URG(UrKeI))

WU 1o L=le2

Aldrr s T)Z (8o # P IRRKHRTORCK) / (RI*X (L) *X (L))
B AR 1) ZToo%H [*SGRTIA(JIKe L) )

IF ALK I =1 4)50051050

Cezooxx2y

IFo (oK 1) =C2)5000 303,303

LELO(Q Ko D) Lo # (PI*PI*GAMXGAM) /64 o
GG To be

utLU\urKoI):lg*((PI*(A(JOKOI)**(So/Zo))*GAM*GAM)/(lé.*(l.-(A(dvhol

1100 )/7TAN(B(UIKeI))
C(JM\':I)=SUnT(ABS(UELO(doKOI)))
U(JvanFZ(C(deilP)*(SIN(B(deK!I)))

IFhu 0GR () )=10)53,53,54
STAKTZSTARKT 4o

1r(5lnHT‘l.u)35vb5'525
CQMG(u'K'I):ijSjsjsj

we Ty 2003

F(u.K:I):RSlN(D(d'Krl))

BE T/ (oK L) Z (o /PL) %G (UeKo 1))
Fl(L):(UMG(urth))/(AUS(I-”ULTH(deoI)))
Alu+ ikl
A(J):(X(l)*P1(2)”K(2)*Fl(1))/(A(l)-Fl(l)~X(2)+Fl(2))
ACdrrn e D) (8o %P TAR*H¥TOXCK) / (KI*X(3) %X (3))
U(Urha1):.5*PI*S@RT(A(J'KOI))

A (urKe D) =14)%6057056

LeRg oex%x2y

FE L GurKe 1) =CR)%000403,403

LELOGUr Ko D) 21 e +(PI*PI¥GAMXGAN) /64 o
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UISA(o)=F1(5)

IF (A (X(3))1=10004)590,,04,549U
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F1(1)=F1(2)
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STARTLIZSTAKT L+,
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Al D) 2B o *P TR EHRTORCK) / (K1 %X (3) %X (3))
P A(UrKeI)=1,0)530e503,503
Dl RIS LB e ¥ T xR ®HXTOXCK) / (K1)
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vl Tu 2003
LuML?(g!K'I):ollllllll
LG Tu 2003
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LOMU{urKe]l) 2499999999
LG T 2003
COMGurKe L) zARLSIX(3))
IE A (UeKeI)=1,)2003+503,%03
CUMC (UK L) 2 e 00600666
LenvY LizvUE
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whlTeibell)
Wi-lTe (oel06)
Ol JZ2eM
UL 1y KZ2:N
JlZu=,
Kl ake)
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WA T (e lUe) JIeKI e lCONMG(dene 1) pIz102)
<l Cont Utk
L 2@ I i
vl 2 KIZ iy
AL Z‘; 1:10.5
515\?‘*]_0()
STAT,.21
(¢3¢} ALT L TARKT#{uvGlUrke 1))
JG 28 L=ale2
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0452 COMOtUrReI)=oil1111111
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Ju4 COMGLUrK» 1) 77777777
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LU Ty 2004
(e} COMGLGrKeI)ZAuS(A(S))
o F (n(u'K'I)"'lo)2d04'bl_'l\"50‘4
oud COUMULUIK P I Ze0hhuEEEn
20U Cunt WUk
el COUNT g UE

wi-dlTe (eel01)
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LU of KZ29eH

YiSue
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Wrdlo (orlUg) J1eKLe(COMG(JrRe L) 9121 3)
c/ CCwig Lk

U0 e JEgeiw

LU o KZ2eN

U e =103

COMOLUrKp 1) ZUMG(UeKo 1)
<o LounT jGUE

v lTe (6010G1)

“HaTe (eelluy)

JO ¢y JZ2eN

VU gy KZ2eN

V]Sl

rlanej

vELTL (60102) JLeK1e (COMGIJons L) pI=103)
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NAGA CONTHALE NADG=112%% (LONGITUJUINAL VIRLATIO RESEARCH)
sUcruuTINE FOie UNSTABLE VALULS OF THRUST FREQUE,.CYe EGQUATIO (94)
CONSIWERATIUN OF 5 CASES (3 iNAUMISSIGLE)» INVOLVING 1800 ViLucshe
Suof GuTINE UNSTLIU(PIeRetie TOr LK RIoGAMeOMGeN e N)
wimbno 1Ol OMG(20020e3) s COMGIcU»20e3) A 20:20e3)0835(2002093)00F Uiy
LrcUed)rC(2002003)0D(2002003)0F (2U02003)98FTAC2002003)9F1(1)9X (4}
Fundiaj (20Xr»0uHTASLE OF UNSTABLE VALUES OF THE THRUST FREQUECY Fo
IR LtouUATION (91) 9 RAD PER SECer//e4Xe2HJ, s 4 X0 2HK, 1 8Xe 10HCOMEGA (1)
SlUXy LuHCONMEGA (2)+10Xs10HCOMEGA (3)0//)
Fori Al (215, 3E20.87/7)
FORval (10X, 78HFIRST CASE» LUWER CASE M EQUAL 1, LOWER CASE N EwuA
1L 1y (CASL +OT ADMISSINLE)«e///)
Bomk o LLuXpSoHSECOND CASE» LOWER CASE M EQUAL 2 LOWER CASE N Lbub
L 1es/)
GrOowy (LUK sHorTHIRD CASEs LUWER CASE M EQUAL 3, LOWER CASE N bEuwuh
e Lez/)
rore ol (1uXKypoHFUUKTH CASEs LOWER CASE M EGUAL 1 LOWER CASE N cuu
1 L'//)
Fote i CluXs 7oHFIFTH CASEs LWk CASE M EQUAL 2, LOWER CASE N bEwuA
1L < (CASE wUT AUMISSIBLE) «0///7)
roRtag (LOXs00onSIATH CASE» LUWEKR CASE M EQUAL 3, LOWER CASE M EWwUA
1c 20/7)
For nd (1uXsD7HSEVERTH CASEe LUWER CASE M EQUAL 1, LLOWER CASE v c
luat j'//)
FCeny (LOXeDeHELGHTH CoSEr» LOWER CASE M EQUAL 9 LOWER CASE N cuu
1AL 34/7)
Fori g (1OXe 78HNINTH CAGEs LUWER CASE M EQUAL 3, LOWER CASE N EuwuUA
1L 5 (CASE wUT ACMISSIELE) wr//7)
Ll uzloeiv
ETVIN BT W A
Wil l ‘:1'3
(..Ul".ib(ulKOI,:UcO
CONT LaUE
A lTe (oel0yg)
wi bl (oelUy)
V1 P U:ZIM
S0 ¢ n=deN
Lo ¢ a=1e3
COMU{ueKeIYZUMG(UrKe 1)
Couivt gl
A dTe (6e104)
Al T (oolus)
LU U= e M
Wl Szl
w1zd=
hloke,
sl bl (orlUl) JIrKL e (LORG(Jrne L) I=103)
LQNILMUE
I VR S B
N C e A X
vl 4 o213
CUNMG UK D)z en*x (UMG(Jrk 1))
CONT LUk
wh il (belUi)
Wi-dlTe (60105)
Ve L LE2 e
U =2
J1Zue;
=1 Y
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siviie (oellUe) JIvKLo (CONGlUrRoI)vI=103)

o} LONT Uk
C o =2 e
VU nZ2ely
‘ oo iTled
COMG (e K I)ZUMG(Jeky 1)
© COUNT LUk

b 1lTe (oelOy)
AhlTe (oel0y)
wC 7 UM
LU 7 n=2eN
JiZde,
rlSke)
alcd e (orl02) J1eK1o (CONG(JrKP L) 1Z103)
7 COnT itk
v dTe (oelii)
a dTe (6elud)
Ll uTeeM
R R -y
Lo i=hed
STar(—el
S1A T 4=,
o }9) X)L TART* (UG (UrKel))
Ul & wZle?2
AlUrR e D) (o #P TRRAHXTOXCK) /(R I*xX (L) *X (L))
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S4 STAKTZSTART +. 1
It (S RT=1eu) 3503559325
3ed COMOVUIKPI)Z. 53333533
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FIOL)Z(OMG(UrKeI) )/ (ABS(Le+BeTA(JIKS 1))
9 Ali+)zF1(L)
10 A(j):(x(l)*F1(2)-X(2)*F1(1))/(A(l)-Fl(l)-X(2)+Fl(2))
Al rR e D) T8 ¥ PT*RAHRXTOXCK) / (RI*X (3) £X(3))
PAOrRp L) e o* L ASURT(A(JUIKI 1))
FACUrK e ) =1 4) 300370 36

du Ceog e x*x28
IF (o (ueKeI)=Le) 3000401 ,601

37 CELULWrKe D) ZL e+ (PIAPI*GiMXGAM) /64 o
ol Ty Y

Jou utub(uvKoI):l.*((Pl*(h(J'K:I)**(bo/Zo))*GAM*GAM)/(lbo*(lo*(f(u'n'l
L))V )Y/ TARN(BLUIKY 1))

S Clurny 1) ZSAT (ABRS(UELO(JrKe 1))
Ulorky D)Z(CCUnKe 1)) *(STIH(B(JIKII)))
. IF Chp L, (DGJdrne 1)) =14)3G93G,12
o9 FUOJdokp L)ZASINID(JIKY 1))

BETA(ueKel)Z (o e/PL)* (T (UrKel))
FLES)ZUOMOG (ORI )/ (ARS(1o+BETA(JIKeI)))
DIZSx()=F1l(y)
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CONT UL
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17(A(urKvI)-1.0)4500502'502

COUrmnr I)Z(8 o TXRKHXTO*CK) / (R])
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FASA CONTHALT MALR=112uc (LOWGITUUINAL VIRRATION RESEARCH)
SULKUUTINE rUR UNSTABLE VALULS OF THRUST FREQUENCY» EQUATIO- (yg).
CONSICERATIGN OF THREE (3) CASES» INVOLVING 900 VALUES,

SLoreuTIne L;Wlei(PIrRoH'TO'LKlHI'GAMOOMGvMoN)

UIMLiN,ION OMb(ZOr&OoS)rCOMG(dOvan3)oA(a0020'5);B(ZU!E”»B)yFFLUldu
1'50'5)vC(ZU'ZUoS)'D(ZOoZOvb)vF(20o20v3)oBETA(20'20v5)'Fl(Q)pX(%)
FORMAT (20XeBUHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUEICY Fu
1R EQUATION (92), RAD PER SEC..//:4X92HJ,0QX02HK,oSXolOHCOMEGA (1),
210X, JUHCOMEGLA (2)9»10X» 10HCOMLGA (3)0//)

FCrival (215, 3E2u.8//)

FOrmAT (20X s SIHFIRST CASEe LUWEK CASE M EQUAL 1,9//)

FOrMal (20X 34HSECOND CASE., LOWER CASE ™M EQUAL 24+//7)

FORPAT (2UX» SIHTHIRD CASEr LUWER CASE M EquAL 3,027)

GUo L o=l

UG 1 A=loely

LC 1 Q=13

LLM()(V'K'I):UQO

CL'NTINUE.

5)(, 4‘ VZZ'M

Ul 2 n=2reiN

Ul e i=103

E)T/“\[-Icl

‘.’.)TA“(T_'L:].'

XKCL)ZSTART*# (UG (JeKeI))

VO 3§ w=le2

A(JoKa1)2(6.*PI*R*H*TO*CK)/(NI*X(L)*X(L))

DlJrKs L) OxP i *SGRT(A(I,Ke 1))

LFAACGrKe 1) =14)30031030

Lez2e*%28

IF(h(uoKvI)—C2)3UOO301o301

UELO(UrK e I)Z1 o+ (PI*PIXGAMXGAN) /64 o

GO Ty 32
ULLb(u'K'I)Zl-*((PI*(A(JOKOI)**(3./2o))*GAM*GAM)/(lbo*(lo'(ﬁ(J'Kvl
1)))))/7TARN(B(JUrKy 1))

C(der1)=SQHT(ABS(DELO(doK'I)))
U(J'Kol):(Cldeol))*(Slh(b(dthI)))

IF(ud¢(U(dvth))-l-)33v33034

STALRTZSTART 4o

I ASTART=140U)35+350325

vl T¢ 2001

F(Juh'I)ZASiN(D(JvKOI))

htfﬁ(uoKvi):(d./PI)*(F(doK'i))
FIAL)IZ(OMOUUrR o 1) )/ (ABS (24 =BETA(GIKeI)))

Ale+l)=F1(L)

A(J):(X(l)*r1(2)-X(2)*F1(1))/(X(l)-Fl(l)-X(2)*Fl(2))
u(dpnvl):(U.*PI*R*H*TD*CK)/(ﬁI*X(J)*X(b))
h(drmrl):.b¥Pi*SuRT(A(d1K'I))

i%(n(u'KDl)-lo)30t57v56

LRz exx2y

lF(r(u'K'l)-Ld)bvaQOIouOl

ULLO(urKvl)Zlo*(pI*PI*GAM*GAM)/64.

CC Ty 36
ULLL(U'K'I):10+((PI*(A(J'K'I)**(&Q/ZQ))*GAM*GﬂM)/(lb.*(ll—(:(U'“'l
L))Y)) )/ TAL(B(UrKe 1))

C(U'K'1):SGNT‘AHS(DELU(JDK'I)))
U(don.l)Z(C(uerl))*(blh(b(doK:I)))

lf(Au;(U(dvnol))-1.)3903906

Flden s IVZASINID(U,KI))
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Sy W AaEs(X(3))=1004)39203930399
92 Cl=.uul
we Ty 395
5‘75 (—l:QUL
L0 Tu 395
394 Cl=.i
395 IF (A5 (D1)=Cl)5e506
o X{l)yz=x(2)
F1(l1)=F1(2)
r(2)=x(3)
Flle)zF1ty)
STAKTL=STAR1+1.,
IE(STAaRTI=1uuU )4 el 201
el AlUrns 1) S (B8 *PI*R*HXTO*CK) /(KI*X(3)%X(3))
IF Ca{GeKe1)=140)3300501,501
S3v CldrR e D) (B *P ITxR*H*TO*(CK) /(K])
ClJrk s DIZSARTIB(JeK» 1))
Lj:c‘ul
I (oo (Cldrnr i) =X(3))=C3)331¢331,332
351 CeMu{urKe 1)z, 88888888

vl Ty 2001

33¢ COMO(UeKeI)zell11111112
CC 1w 2001

Jul COMO(Ue K 1 )2 77777777
vl Ty 2001

4yl COMG (K1) 2499999999
OC TU 2001

5 CeMuo(urKeI)zARS(X(3))

1F(E(QOK'I)“lo)ZUUl'SOlobOl
Sul COMO (WK1 1)z e 66666666
2001 COnT [nUE
e CGINT L wUE
WS\ITL (oelUuli)
WikiTe (60109)
e 7 U=2rN
(9]¢ 7 uzdvf\.
Jisd=;
K1zsk=4i
wEiTe (60102) J1sK1o(COMG(Jone 1) pIzZ103)
7 CONT LUk
vl ¢ =2
QU o nZ=2el
[ 5:1'3
STAKT=Z 06
START =1
45 ACL)ZSTART*(UVGLJeKe 1))
SIVERY ;_,:l'a
ALDrRp D) (B o P T RkR*HXTO*CK) /(RIXX(L)%X(L))
DAJr K L) 2o SxPI*SURT(A(UIKI 1))
iP(A(V'K'I)-lQ)qU'“l‘QO

Ly C222 . +*28
IE Coqurke 1) =02)4000302,302
.¢l CLLG(urKo 1) Z Lo+ (PI*PIXGAMRXGAM) /64 o
60 Ty 42
4uy VELOGU Ko D) Sl e+ ((PI*(A(JIK L) *%(34/2¢) ) %xCAMKGAM) /(16 ek (1 o=(A(UrRr i
1Y) D)) /ZTANIB(UIK» 1))
be CCOUrn e I)ZSURTCABS(DELO(JIK e I)))
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u(urn.i):(C(JyKrl))*(Glh(u(d-Kol)))
I Gaes(D0dene 1)) =1e)843043,44
Gy STARKTZOTART =01
IF(STaRTIGZ59 525045
‘qii:) (,UM(J(\JOK'1):035333333

‘ oL Tu 20062

‘ 49 FaJdorho I)ZPI~ASIN(D(JrKeT))
ULTM(UDK"):‘d./PI)*(F(J'K!I))
FI1L)=(OMG(urK e I))/(ABS(BETA(JIKeI)))

9 X(L+1)=F1(L)

10 x(3):(X(1)*Fl(2)-X(2)*Fl(1))/(X(l)-Fl(l)~X(2)+F1(2))
ALQeKy I)Z (8o *PIar*H*TOXCK) / (KI%X(3) %X (3))
U(J'h'I)=05*Pi*SURT(A(JOK'I))
IFCACLrKeI)=1a) 46047046

Go Co=o,.%%28
AFlturKe L) =C2)a60r402,402

47 DELULUrKe I ) S o+ (PIXPIXGCAM*GAM) /05 o
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A-T,

APPENDIX A
GENERAL INFORMATION ON SOLUTION

OF THE STABILITY EQUATIONS
The Constraints of the Computer Program

To determine the zocis of the instability cquations a Fortram IV
program using an accelerated variation of The Method of Iteration
was used. The iterstion formula was prograsmsed 80 that if the
pfocedure does net iterate to a value that satisfies the instability
equations to a specified degree of accuracy for a given case then

an casily spotted nonsense answer will be prianted out for this case.

a. If after 10 initial guesses not one causes the argument of
the arcsirve, that appears as part of the fuanction B in

equation (7), te be less than enc then

COMG(J ,K,I) = ,33333333

- be If the initial guess of Q causes B(J.K,I) = wﬁll’, the

argument of the trigonometric functions within B in equation

(7), to be greater than 228 then
COMG(J,K,I) = 77777777

¢« If the iteration of Q causes B(J.X,I) =wa%12 to be greater

28:

than 2 hen

COMG(J,K,I) = .99999999
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d. If after the specified mumber of iterations (usually either
' 100 or

value of ecach other and

fen

000) the iterates are not equal te withia a preset

(1) The boundary condition of the Matheau [cquation (1)],
O<a<l is not being met then
COMG(J ,K,I) = 66666666

(2) The boundary condition is being met but a=l so that the
iterate of 2, X(3), is approximately equel to C{J,K,I)

= [A(O)]%;"‘ {zquation (6)] te within 01 then
COMG(J,K,I) = .88888888

(3) The boundary coadition of Ota<l is met and X(3)7C(J,K,I)
then

COMG(J,K,1) = 11111111

e. If iterates of O are equal to within the preset value of each
other but the Matheau boundary condition is not being met

again
COMG(J K,I) = 266666666
A-I1, The Itezation Procedure
a. The Method of Iteration

The iteration precedure used was an accelerated version of

The Method of Iteration. In order that one might understand
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this variant a brief review of The Mcthod of Iteratiom is
given. (For a more mwmplete development see refa 3) Given

a function

ix) =0
One can always add a functien h(x)
£(x) + h(x) = h(x)
o obtain
g{x) = h(xz).
The simultancous solutions ef the resulting equatiens

y = g{x)
y = h{x)

are the real roots of

f(x) =0 (ref. 1).
To find the roots of

f{x) =0
by The Method of lteratiom,

y = hix)

must be rewritten in the form

x = H(y)

93



ard for convergence the equatioans must gsaetisfy the condition

afglx) ] l d[hlx)]
‘ dax (D < l d ' =p

where p is the desired zoot of
L f(x) = 0,

The iteraces ave formed by substituting an approximate value,

X > of the root p iuto the equation
y = g{x)
to get
o = 8(x)).
A new approximate walue \of x is then derived from the equatien
x = H(y),
% = l!(yo).

This process is repeated umtil

,xn' wi"cl

’ f(xn) I <C,

where 01 and cz are a measure of the accuracy desired. If
the slope of g{x) in the region of p is much smaller than

h{x) then x will coMe rapidly to the root.
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Figure A~1 and Figure A2 demonsirate the ceaversence of this

icerative method graphically

y = h(x) y = h(x} y = g{x)

yfg(x) B \ /

N e awmens  Smtvac  eomewsn  — — o~
4
tos
]
- -

| l HIl |
o 2 OEPEH %o

u(x) of Like Siges Bix) of Cpposiie 5igns

in Plgure A-i the slopes of g(z) amd h(x) are both of the

same sign while in Figure A«2 they are of opposite sign.
Points (xa, yo), (xl. y!’""':'(ai’ yi)o?q lic on tha curve

y = g{x} while points (x;. yo) (255 ¥, ‘-,;-» (x> yi?z) sea

iie oo the curve x = Ky) which is aquivaieat to the curwe

¥y = hix). When the slopes of the two £uu§tiens have the same
sign, the iteration follows a stepped path (Fig. A~1)3 when the
slépes have oppoaite siga the iteratien proceeds along a
ractangulay spiral {¥ig. Ae2).
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b.

Unfortunateiy, when one writes £(x) = 0 in the fora

y = gix)
y = h(x),

one often has difficulty meking sure that the slepe ef g(x)
ic much less than the slope 9f h(x) at the point of imiei~
section and alge that y = h(x) can be easily written ia the

form x = H{y). However, if b{x) = x, then

£f(x) =0

£{x) + x = g({x) = x.

Now, using the equatien y = x ene gots the simultancous

telation

y = g(x)

y=x

If the slepe of glx) i{s samall or zero, then these equations
preduce a rapidly comverging iteratiom procedure. For a

variant of this method iavolving derivatives see ref. 4.
An Accelerated Vaxiatiou of the Method of Iteration

Another variant that will often accelerate the convergence
of the iteration and does not use derivatives has an additiomal

advancage of working evsn when
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| s

This method will be referred to as the Constructed Line
Acceleration of the Method of Iteration. This variant also

uses the two equations

y = g(x)

y=x
In this method, two points on

y = g(x)

are found by substituting the first approximate root, X9

into

y = g(x)
yielding

Yo = 8(x)e
Substitution of Yo into

y=x

yields
Vo © %1

The intersection of the line determined by the two points,
(xb, yo) and (x,, yl) both on the curve y = g(x), with the
line
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determines the obscissa of the third point. This process is
repeated entil the xoot is determined te within the desired

degree of accuracy.

In Figure 4-3 = graph of this methed is presented. Notlce

that since

g

.14 h(x)
*=p dx =p

The sténdard form of The Methed of Tteration would rot verk.

y = g(x)
y=x

Figure A-3 - Coastructed Line Acceleration of the Method of Iteration
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The equation of the line thyough the two initial points on

y = g{x)
is

7"71:=71'7°

- !l 2'.'1 .'.o

and st the fnterssoctioa with the second of the twe

simultancous equations from Figure A.3

y = x = x2.
Combining

y =X
with the equation of the line through the twe infitiai pefints
ome obtains an cquatien solvable for X,> the abscissa of the
point of imtersecctien of these twe 1lines. Howewer, simce

Y"’yl 31"32.

3.
SRS

is an appreximation of
y = g(x)

x, is an approximation of p, the reot which is the absciase
of the peint of interaectien of

y = g{x)

Yy = Xo
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Thus subsgituting

in
Y"'yl __31-70
x - x; x; -~ x
one’ obtaias
2N =y1-y°
B R
or

x, = 1Yo = %3
xl.xo.ylhe

or in genevral, the nth iterate is

o = o1 5(%p) - x o 8(x, )
DXyt X - 8lx ) talx

Restzrictiops

A case where ihis fteration formula will not iterate is

diagramed ir Figure A~b.

[
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Flguzre A-4 - Example of Case Where The Comstructed
Line Acceleration Method Fails

f | I T ) ’

[
¥4 ¥3R %5 PR %

Figure A-5 « Another Case Where The Cemstructed Line

Anmaltonwetrian Mothad Tadle
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Since the functior g(x) asymptotically approaches the line
x=1

there i3 no point of {ntersection between
y = g{x)

22d
Y = Xge

But there is am intersection between

y = g{x)
and
£
x = Y2’
therefore, if the inverse of the function g{x) cam be found,

the iteration equation becomes

o o= Fner) Ynez = Spag) Tpog
8 6. - S0p) - Ve P Y

where

x, = 80y,) -

Another fuanctiom that the constructed line acceleration

method will not iterate properly is illustrated in Figure A-S.
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In this case the iteratien is prececeding to a root P; rather
than the desired root p. However in Che cases diagramed in

Figures A-4 and A-5 and In the case where

yl"yo
x,-xﬁ

=1

if X, the initial guess of p, the desired root, is near

enough to p then the equation

. = a1 8%.0) - % g 8(x,,)

A X1 " %2 T 8(xn-1) + “":;-2)

will fterate x topas iong as g(x) is a single valued

function and is defined on both sides of and at y = x.
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